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ERGONOMICS PROCESSES:
IMPLEMENTATION GUIDE AND TOOLS 
FOR THE MINING INDUSTRY
By Janet Torma-Krajewski, Ph.D.,1 Lisa J. Steiner,2 and Robin Burgess-Limerick, Ph.D.3
Abstract
Research has shown that an ergonomics process that identifies risk factors, 
devises solutions to reduce musculoskeletal disorders (MSDs), and evaluates the 
effectiveness of the solutions can lower worker exposure to risk factors and MSDs and 
improve productivity. A review of the Mine Safety and Health Administration (MSHA) 
injury/illness database indicated that 46% of illnesses in 2004 were associated with 
repetitive trauma and 35% of nonfatal lost days involved material handling during 2001­
2004. Even though these statistics show that MSDs significantly contribute to 
occupational illnesses and injuries in the U.S. mining industry, few mining companies 
have implemented an ergonomics process. Despite the many unique challenges in the 
mining environment, three mining companies partnered with the MSD Prevention Team 
at the National Institute for Occupational Safety and Health’s Pittsburgh Research 
Laboratory to demonstrate that an ergonomics process could be systematically 
implemented and effectively integrated with existing safety and health programs. 
Because these three mining companies were very different in organization, culture, and 
size, the ergonomics processes had to be modified to meet the needs of each company.
A description of how these three companies applied ergonomics and the tools and 
training used to implement their processes is given. Prior to discussing the case studies, 
general information on the elements of an ergonomics process is provided.
1Lead Research Scientist, Pittsburgh Research Laboratory, National Institute for Occupational Safety and 
Health, Pittsburgh, PA.
2Team Leader, Musculoskeletal Disorder Prevention Team, Pittsburgh Research Laboratory, National 
Institute for Occupational Safety and Health, Pittsburgh, PA.
3Associate Professor in Occupational Biomechanics, School of Human Movement Studies, The Univer­




Introduction: Ergonomics and Risk Management
Ergonomics is the scientific discipline concerned with the understanding of interactions 
among people and other elements of a system to optimize their well-being and overall system 
performance [IEA 2008]. This is generally accomplished by applying ergonomic principles to 
the design and evaluation of manual tasks,1 jobs, products, environments, and systems, ensuring 
that they meet the needs, capabilities, and limitations of people. When integrated with safety and 
health programs, ergonomics can be viewed as a third leg of a three-pronged risk management 
approach to reduce musculoskeletal disorder (MSD) rates. Safety focuses on hazards that may 
result in traumatic injuries, industrial hygiene concentrates on hazards that may cause 
occupational disease, and ergonomics addresses risk factors that may result in MSDs and other 
conditions, such as vibration-related illnesses. By applying ergonomic principles to the 
workplace with a systematic process, risk factor exposures are reduced or eliminated. Employees 
can then work within their abilities and are more efficient at performing and completing tasks. 
The benefits of applying ergonomic principles are not only reduced MSD rates, but also 
improved productivity and quality of life for workers.
The purpose of this document is to provide information on implementing a successful 
ergonomics process that is part of the organizational culture. Section I describes the basic 
elements of the process and then discusses the importance of employee participation in the 
implementation of the process. Also included in this section is information on the evolution of 
risk management as it applies to an ergonomics process. A model developed for safety and health 
risk management defines five stages, ranging from a pathological stage to a generative stage— 
from a stage that attributes safety problems to employees to one that involves all employees in 
risk management at multiple levels with the goal of promoting the well-being of employees. 
Section II describes how three mining companies implemented ergonomics processes, including 
lessons learned. Interventions implemented by the mining companies are presented in Section III, 
along with information on changes to discomfort levels at one of the companies. Section IV 
describes various tools used when implementing the processes, while Section V focuses on
M anual tasks are tasks that involve lifting, pushing, pulling, carrying, moving, manipulating, holding, pounding, 
or restraining a person, animal, or item.
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training, including a presentation for management that promotes the value of ergonomics 
processes. The tools presented in Section IV and the management presentation contained in 
Section V are provided as electronic files on the CD included with this document.
Basic Elements of Ergonomics Risk Management Processes
Successful ergonomics risk management processes have several elements in common. 
The process starts with establishing an understanding of the task and interactions that occur 
between the worker and equipment, tools, work station used to complete the task, and work 
area/environment in which the task is conducted. Managing risks associated with manual tasks 
requires identifying risk factor exposures. If the exposures cannot be eliminated, the degree and 
source of risk requires assessment. Potential controls or interventions are then identified, 
evaluated, and implemented to reduce the risk as far as reasonably practical.
The ultimate aim of an ergonomics risk management process is 
to ensure that all tasks performed in workplaces can be 
performed with dynamic and varied movements of all body 
regions with low to moderate levels of force, comfortable and 
varied postures, no exposure to whole-body or hand-arm 
vibration, and breaks taken at appropriate intervals to allow 
adequate recovery.
Element 1: Identifying Risk Factor Exposures During Manual Tasks
Identification of risk factor exposures should include consultation with employees, 
observation of manual tasks, and/or review of workplace records. Employees should be asked 
what they think is the most physical part of their job or what task is the hardest to do. Conditions 
that could potentially indicate risk factor exposures include the following:
2
• An MSD was associated with performance of the task.
• Any employee is physically incapable of performing the task.
• The task can only be done for a short time before stopping.
• The mass of any object being handled exceeds 35 pounds.
• The postures adopted to perform the task involve substantial deviations from neutral, 
such as reaching above shoulders, to the side, or over barriers; stooping; kneeling; or 
looking over shoulder.
• The task involves static postures held for longer than 30 seconds and is performed for 
more than 30 minutes without a break or for more than 2 hours per shift.
• The task involves repetitive movements of any body part and is performed for more 
than 30 minutes without a break or for more than 2 hours per shift.
• The task is performed for more than 60 minutes at a time without a break.
• The task is performed for longer than 4 hours per shift.
• Any employee reports discomfort associated with the manual task.
• An employee is observed having difficulty performing the manual task.
• Employees have improvised controls for the task (e.g., phone books for footstools, 
use of furniture other than that provided for the task).
• The task has a high error rate.
• Workers doing this task have a higher turnover, or rate of sick leave, than elsewhere 
in the organization.
• Exposure to whole-body vibration (vehicles) or arm-hand vibration (power tools) 
exceeds 2 hours per shift.
NOTE: The conditions listed above were compiled by the authors based on their professional 
knowledge and from various sources, such as the W ashington State Hazard and Caution Zone 
Checklists [W ashington State Departm ent o f Labor and Industries 2008a,b] and limits used for medical 
restrictions and other guidelines. These conditions alone do not necessarily indicate a risk factor 
exposure, nor do they indicate a boundary between safe and unsafe conditions. Rather, they must be 
evaluated in term s o f the w orker and all aspects o f the task: m ethods or w ork practices, equipment, 
tools, w ork station, environm ent, duration, and frequency.
3
If after adequate consultation, observation, and review of records, none of the above 
conditions is met for any manual tasks in a workplace, then it is reasonable to conclude that the 
manual tasks are likely to constitute a low MSD risk. For each manual task that has been 
identified as requiring assessment (one or more of the above conditions is identified), it is 
sensible to ask whether the task can be easily eliminated. If the manual task can be eliminated, 
and this is done, then there is no need for an analysis. Reassessment should be conducted 
whenever there is a change in equipment or work processes. Any new MSD or report of 
discomfort that is associated with any manual task should trigger either elimination of the task or 
a risk assessment.
Element 2: Assessing MSD Risks for Manual Tasks
If risk factor exposures exist that cannot be eliminated, the next step is to assess the risks. 
The aim of the risk assessment is to assist the risk control process by providing information 
about the root causes and severity of the risk. The assessment should be undertaken with the 
involvement of the workers who perform the tasks. The assessment of exposures is complicated 
by the number of exposures that contribute to determining the MSD risk and by the interactions 
among the different risk factors. The risk assessment process is also complicated by the number 
of body parts that can be affected and by the variety of possible ways in which an MSD may 
occur. MSDs occur when the forces on a body tissue (muscle, tendon, ligament, and bone) are 
greater than the tissue can withstand. MSDs do not occur suddenly as a consequence of a single 
exposure to a force. They arise gradually as a consequence of repeated or long-duration exposure 
to lower levels of force. Even low levels of force can cause small amounts of damage to body 
tissues. This damage is normally repaired before an MSD occurs. However, if the rate of damage 
is greater than the rate at which repair can occur, an MSD may result. MSDs may also result 
from a combination of these mechanisms, e.g., a tissue that has been weakened by cumulative 
damage may be vulnerable to sudden injury at lower forces. Also, if a tissue has suffered a 
sudden injury, it may be more prone to an MSD-type injury during its recovery process. Manual 
task risk assessment needs to consider these possible mechanisms. MSDs associated with manual 
tasks can occur to a range of different parts of the body, and the injury risks associated with a 
task will vary for different body regions. Consequently, the degree of exposure to different risk
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factors must be assessed independently for different body regions. In addition to the forces 
involved, the risk of an MSD to a body part depends on the movements and postures involved, 
the duration of the exposure, and whether there is exposure to vibration. The risk assessment 
must address each of these risk factors and the interactions between them.
The first step in assessing the risk of an MSD associated with a particular manual task is 
to determine the body regions of interest. This may be self-evident if the task has already been 
identified as causing MSDs or discomfort to a particular body part or parts. Alternatively, the 
risk assessment should consider the risk of an MSD to each of the following regions 
independently: lower limbs, back, neck/shoulder, and elbow/wrist/hand. MSDs are most likely to 
occur when significant exposure to multiple risk factors occurs. Primary risk factors include 
forceful exertions, awkward postures, static posture, repetition, and vibration. Combining these 
risk factors greatly increases the risk for developing an MSD. Each of these risk factors is 
described briefly below.
Forceful Exertions
An important factor in determining the likelihood of 
an MSD to a specific body part is how much force is 
involved. Historically, the mass of objects being handled 
has been the focus. However, the risk associated with a task 
depends on a number of other factors as well. For example, 
in lifting and lowering tasks, the force required by the back 
muscles can depend on the distance of the load from the 
body as well as the mass of the load. Similarly, if the task 
involves pushing or pulling a load, the force involved will 
depend on the frictional properties of the load and the 
surface, along with the mass of the load.
Other manual tasks may not involve the 
manipulation of any load, but high forces can still be
required. If the force exerted by a body part is close to its maximum, the worker is exposed to a 
high risk of a sudden MSD, and urgent action is indicated. Even if the forces involved are not 
close to maximum, the task may pose a high risk of an MSD if the body part is also exposed to 
other risk factors.
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High-speed movements (hammering or throwing) are an indication of elevated risk, 
mostly because high speed implies high acceleration, which in turn implies high force, especially 
if the speed is achieved or stopped in a short time. Such “jerky” movements are an indication of 
initial high exertion of the body parts involved. This also includes rapid changes in the direction 
of movement. Another high-force situation occurs when impact force is applied by the hand to 
strike an object or surface. In this case, there is a high force applied to the hand by the object or 
surface being struck.
The magnitude of the force relative to the capabilities of the body part is what is 
important in assessing MSD risks. For example, the small muscles of the hand and forearm may 
be injured by relatively small forces, especially if the task is executed at extremes of the range of 
movement at a joint. This also implies that the capability of the individual performing the work 
must be taken into consideration when assessing the MSD risk. Overexertion depends on the 
magnitude of the force relative to the capabilities of the structures.
Awkward Postures
The body postures used during a task 
influence the likelihood of an MSD in a number of 
ways. If joints are exposed to postures that involve 
range of movement near the extreme positions, the 
tissues around the joint are stretched and the risk of 
an MSD is increased. Ligaments, in particular, are 
stretched in extreme postures. If the exposure to 
extreme postures is prolonged, the ligaments do not immediately return to their resting length 
afterwards. Tissue compression may also occur with extreme postures. For example, extreme 
postures of the wrist increases the pressure within the carpal tunnel, resulting in compression of 
the median nerve as it passes through the carpal tunnel.
The following list provides examples of awkward postures that may involve range of 
movement near extreme positions [Washington State Department of Labor and Industries 
2008a,b; OSHA 1995]:
• Neck flexion (bending neck forward greater than 30°)
• Raising the elbow above the shoulder
• Wrist flexion greater than 30°
• Back flexion greater than 45°
• Squatting
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Other joint postures are known to be associated with increased risk of discomfort and 
MSDs. These include:
• Trunk rotation (twisting)
• Trunk lateral flexion (bending to either side)
• Trunk extension (leaning backward)
• Neck rotation (turning head to either side)
• Neck lateral flexion (bending neck to either side)
• Neck extension (bending neck backwards)
• Wrist extension (with palm facing downward bending the wrist upward)
• Wrist ulnar deviation (with palm facing downward bending the wrist outward)
• Forearm rotation (rotating the forearm or resisting rotation from a tool)
• Kneeling
There are other awkward postures that 
increase the risk of an MSD because of the 
orientation of the body with respect to gravity 
and do not necessarily involve extreme ranges 
of movement. These postures usually require 
the worker to support the weight of a body part.
An example would be lying under a vehicle to 
complete a repair. When assessing postures, it is 
important to note that workers of different sizes may adopt very different postures to perform the 
same task.
The force exertion of muscles is also influenced by the posture of the joints over which 
they cross. Muscles are generally weaker when they are shortened or lengthened. This effect will 
be greatest when the joints approach the extremes of the range of movement. Consequently, the 
optimal design of work aims to provide tasks that can be performed while maintaining neutral 
postures. The following are descriptions of neutral postures for different body parts [OSHA 2008; 
Warren and Morse 2008]:
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Head and neck Level or bent slightly forward, forward- 
facing, balanced and in line w ith torso






Close to the body and bent 90° to 120°
Relaxed and upper arms hang norm ally at 
the side o f the body
Parallel to the floor w hen sitting; 
perpendicular to the floor w hen standing
Sam e height as the hips w ith feet slightly 
forward w hen sitting; aligned w ith hips 
and ankles when standing
V ertical or leaning back slightly with 
lumbar support when sitting; vertical w ith 
an S-curve w hen standing
Static Posture
The optimal design of work results in tasks that 
involve slow to moderately paced movements and varied 
patterns of movement. Little or no movement at a body 
part elevates the risk of discomfort and MSDs because 
the flow of blood through muscles to provide energy and 
remove waste depends on movement. Tasks that involve 
static postures quickly lead to discomfort, especially if 
combined with exposure to other risk factors.
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Repetition
If the task involves repetitively performing similar patterns of movement, and especially 
if the cycle time of the repeated movement is short, then 
the same tissues are being loaded in the same way with 
little opportunity for recovery. Such repetitive tasks are 
likely to pose a high risk of cumulative injury, especially 
if combined with moderate to high forces (or speeds), 
awkward postures, and/or long durations.
Vibration
Exposure to vibration in manual tasks 
comprises two distinct types: hand-arm vibration 
(typically associated with power tools) and 
whole-body vibration (typically associated 
with vehicles). In both cases, the vibration 
exposure impacts MSD risk both directly and 
indirectly.
Exposure of the upper limbs, and particularly the hands, to high-frequency vibration 
associated with power tools is a direct cause of damage to nerves and blood vessels. Short-term 
effects are temporary loss of sensation and control, and blanching of the fingers (vibration 
white finger syndrome). These effects may become irreversible with long-term exposure and lead 
to gangrene and loss of the affected fingers [NIOSH 1989]. Use of vibrating power tools is also 
an indirect cause of MSD risk to the upper limbs because the vibration increases the force 
required by the upper limbs to perform the task. The degree of risk increases with higher­
amplitude vibration tools (hammer drills or jackhammers).
Similarly, long-term exposure to whole-body vibration (typically from vehicles) is 
associated with back pain [Bovenzi and Hulshof 1999; Lings and Leboeuf-Yde 2000; ACGIH 
2007a]. As well as a direct effect on the back, exposure to whole-body vibration also has an 
indirect influence on MSD risk by causing fatigue of the back muscles. Again, the risk is greater 
when the amplitude of vibration is high (heavy vehicles and/or rough terrain).
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Another important consideration is the duration of the exposure. If a task is performed 
continuously, without a break and for a long time, the tissues involved do not have opportunity 
for recovery, and the risk for a cumulative injury increases. Performing several tasks during a 
shift can provide recovery if the tasks involve different body parts and movement patterns.
In general, a root cause is defined as a source of a problem. In terms of MSD risk factor 
exposures, it is important to determine why the exposure is occurring or to identify the root cause 
of the exposure. Root causes modify the degree of risk in two ways. Some root causes are 
characteristics of the work that commonly lead to increased exposure to the risk factors discussed 
previously. Modification of these root causes will likely reduce the MSD risk. Other root causes 
have an indirect influence on manual task MSD risk. Understanding the root causes of risk factor 
exposures can help determine the most effective means for reducing or eliminating the 
exposures. Examples of root causes include the following:
Workplace or Work Station Layout
• Working in confined spaces is likely to result in the necessity to adopt awkward 
postures to perform tasks.
• Work stations with restricted visibility typically result in awkward and static 
postures, especially of the neck.
• Work stations with inappropriate location of visual displays (usually too high or 
located to one side) cause awkward postures, especially of the neck.
• Standing work leads to fatigue if undertaken for long durations.
• Kneeling work causes high force on the knees.
• Working below the height of the feet inevitably leads to extreme trunk postures.
• Working overhead requires awkward and static postures of the shoulders.
• Work stations that require reaching to handle objects create awkward postures.
• Work surfaces that are too high or too low lead to awkward postures.
• Locating objects to be handled below knee height results in trunk flexion.
• Locating objects to be handled above shoulder height leads to working with the 
elbows above the shoulders.
• Carrying loads for long distances results in fatigue.
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Objects, Equipment, and Tools
• Any unpredictability, such as handling an object with uneven or shifting 
distribution of its mass, may lead to overexertion of muscles.
• Handling heavy loads, even if they are not lifted, may require high force because 
of the inertia of the load.
• Handling large loads, even if they are not heavy, may require high forces because 
of the distance of the center of the load from the body.
• Objects that are hot, cold, or otherwise noxious may lead to the load being held 
away from the body, which increases stress on the lower back and shoulders.
• Objects with handles may result in contact stress or decreased control of the 
object.
• Poorly maintained tools (i.e., dull bits or blades) may increase the force required.
• Using tools not appropriate to the task (too powerful or not powerful enough, too 
heavy, incorrect handle orientation, etc.) may lead to awkward postures and 
forceful exertions.
• Handling loads with one hand results in only one side of the body supporting the 
load, which could lead to overexertion.
• Triggers that require sustained force or are operated with a single finger may lead 
to fatigue and overexertion.
• Gloves generally increase the force requirements of a task.
Environmental Conditions
• Low lighting levels or glare may cause awkward postures or prolonged squinting 
of the eyes.
• Exposure to hot environments increases fatigue, especially for heavy work.
• Exposure to cold, in addition to other risk factors, is implicated in the 
development of vibration white finger syndrome or hand-arm vibration syndrome, 
and carpal tunnel syndrome from increased hand forces generated as a result of 
wearing gloves and cold hands.
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Uneven or poorly maintained surfaces can increase forces required to push/pull 
carts, the amplitude of whole-body vibration, or the likelihood of slips and falls.
Work Organization and Systems
Certain factors of work organization and systems may lead to fatigue and 
overexertion of muscle groups. In some cases, recovery times do not permit the worker to 
return to baseline values prior to returning to work. Examples of such factors include:
• High work rates
• Lack of task variety
• Uneven temporal distribution of work causing high peak loads
• Understaffing
• Irregular or long shifts
• Pay schemes that encourage working faster or longer
Studies have shown that even when controlling for higher workloads, elevated 
rates of discomfort and/or MSDs still occurred because of the presence of other work 
organization and system factors not typically associated with discomfort or MSDs 
[Bernard 1997]. The physiological mechanism for this effect is not well understood. 
Addressing these factors in addition to implementing controls that reduce risk from 
higher workloads may increase success at reducing rates of discomfort or MSDs.
These factors may include:
• Job dissatisfaction
• Perception of intensified workload
• Lack of job control
• Uncertainty about job expectations
• Lack of opportunity for communication and personal contact
• Cognitive overload, monotonous work, frequent deadlines, interpersonal 
conflict
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Element 3: Controlling MSD Risks During Manual Tasks
There are several ways to reduce MSD risks that occur during the performance of manual 
tasks. From an ergonomics perspective, the emphasis is first on eliminating or reducing risk 
through design controls; secondly on administrative controls, such as job rotation or 
enlargement; and then on personal protective equipment (PPE). When risks cannot be eliminated 
with design controls, administrative controls and PPE may also be required to manage the 
residual risks. Regardless of which controls are chosen, training is an important aspect of the 
implementation to ensure that workers are aware of the appropriate way of performing work and 
using equipment.
Elimination
Having determined that manual tasks with risk factor exposures are performed in 
a workplace, the next step is to determine whether any or all of the manual tasks can be 
eliminated. If this is possible, it is the most effective way of reducing MSDs. Some 
manual tasks can be eliminated by examining the flow of materials and reducing double 
handling. Others may be eliminated by changing to bulk-handling systems. Outsourcing 
manual tasks may also be considered as a way of eliminating exposures to your workers 
if the organization undertaking the task has specialized equipment that reduces the risk 
for its workers to acceptable levels. It would not be appropriate to outsource manual tasks 
if the risk was not reduced. Some tasks, such as cleaning up waste, are nonproductive and 
may be eliminated or reduced by examining the source of the waste.
Design Controls
If, after the possibilities have been examined, it is determined that some 
hazardous manual tasks cannot practicably be eliminated, and the risks associated with 
these tasks have been assessed, the next step is to devise design controls that will reduce 
the MSD risks. This step is most effectively undertaken in consultation with all workers 
who will be affected by the change, including maintenance as well as operational staff. 
Apart from the fact that workers are the ones who know most about the tasks, the 
probability of success of the design changes is enhanced if the workers concerned have a
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sense of ownership of the changes. Before implementing the design controls, it is also 
important to consider whether new hazards will be introduced as a consequence of the 
control.
Considering the following aspects of the work area and task is a useful way of 
thinking about possible design controls:
Work Areas: Work Height, Space, Reach Distances, Work Flow, 
Adjustability
The design of work areas has a large impact on MSD risks. For example, 
limited space, limited clearances, and restricted access to work are common 
causes of awkward postures. Work should be located at an appropriate height and 
close to the body. Providing adjustability of work stations may be an option to 
accommodate workers of different sizes. Workplaces should be designed to 
increase postural variability during work.
Loads: Size, Shape, Weight, Stability, Location, Height
The nature of loads that are delivered to a workplace, handled within a 
workplace, or produced by a workplace are a common source of risk factor 
exposures when performing manual tasks. Increasing the size and mass of loads 
and implementing mechanized bulk-handling systems are effective design 
controls. Reducing the size and weight of loads is another option, but may require 
training and ongoing supervision to ensure that multiple loads are not handled 
simultaneously to increase speed. Ensuring loads are easily gripped by providing 
or incorporating handles is important. Hot or cold loads should be insulated, or 
proper protective clothing should be provided to allow the loads to be comfortably 
held close to the body. Where loads are manually handled, they should be stored 
at waist height rather than on the floor or above shoulder height.
Tools: Size, Weight, Handles, Grips, Trigger, Vibration
Poorly designed handtools are a common source of awkward postures, 
high exertion (particularly of the small muscles of the hand and arm), and hand-
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arm vibration. Handtools should be designed such that joint postures remain close 
to neutral during use and should be as light as possible. Heavy tools may be 
supported by a counterbalance to reduce exertion. While power tools reduce 
exertion, the vibration associated with power tools introduces a new risk, and 
tools and consumables should be chosen to minimize the amplitude of the 
vibration as far as possible. Tools also need to be maintained (e.g., keep blades 
and bits sharp) to minimize vibration levels.
Mechanical Aids: Hoists, Overhead Cranes, Vacuum Lifters, Trolleys, 
Conveyers, Turntables, Monorails, Adjustable Height Pallets, Forklifts, 
Pallet Movers
A large number of different mechanical aids are available to reduce risk 
factor exposures, and these can be effective controls. However, care is required to 
ensure that the use of the aid does not significantly increase work performance 
time. If it does, the likelihood that the control will be effective is reduced because 
administrative controls and ongoing supervision will be required to ensure use. 
Introducing mechanical equipment, such as forklifts, also introduces new risks 
that require control. For example, using forklifts requires that traffic patterns be 
established and visual obstructions be eliminated.
The design of mechanical aids requires careful consideration. For 
example, cart wheels should be as large as possible to reduce resistance (getting 
stuck in cracks), and vertical handles should be provided that allow the cart to be 
gripped at different heights by different sized workers. Where mechanical aids are 
introduced to control manual tasks risks, it is important to ensure that they are 
maintained in working order and are available when and where required.
Further information on mechanical aids can be found in Ergonomic 
Guidelines for Manual Material Handling [NIOSH et al. 2007].
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Administrative Controls
For situations where there are no effective design controls or the design controls 
that are implemented do not fully address the exposures, it may also be necessary to 
consider additional administrative controls. Administrative controls rely on human 
behavior and supervision and, on their own, are not an effective way of controlling 
manual task MSD risk. Administrative controls include the following:
Maintenance
Maintenance of tools, equipment, and mechanical aids is crucial, but 
requires a schedule to be developed and supervision to ensure that it occurs. 
Following a regular schedule of preventive maintenance not only impacts 
productivity, but can also reduce exposures to risk factors. For example, 
preventive maintenance for mobile equipment can avoid major repair tasks that 
usually involve exposures to several risk factors, such as excessive force, 
awkward postures, and vibration. Another aspect of maintenance is good 
housekeeping.
Workload
MSD risk associated with manual tasks may be reduced by reducing shift 
duration or the pace of work. It may be possible to change the distribution of work 
across the workday or week to avoid high peak workloads. Ensuring that 
appropriate staffing levels are maintained is important. Provision of adequate rest 
breaks can reduce MSD risks.
Job Rotation and Task Variety
It may be possible to reduce MSD risks by rotating staff between different 
tasks to increase task variety. This requires that the tasks are sufficiently different 
to ensure that different body parts are loaded in different ways. Alternatively, 
multiple tasks might be combined to increase task variety.
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Team Lifting
Team lifting may be effective in reducing injury risk where the load is 
bulky, but relatively light. However, if the load is not “heavy enough,” an 
employee may try to handle the load individually, especially if there are not many 
other employees in the area. If team lifting is used as a control, training and 
supervision are required to ensure that the task is only done when appropriate 
staff are available to perform the task.
Personal Protective Equipment
Some forms of PPE may be effective in reducing risk factor exposures. However, 
PPE only serves as a barrier, and the protection provided depends on the effectiveness of 
the barrier. Consequently, PPE should only be used when risk factor exposures cannot be 
eliminated or effectively reduced with design controls, or design controls are not 
economically feasible. PPE may also be considered as an interim control when design 
controls cannot be implemented in a timely manner. Kneepads, protective aprons, cooling 
garments, and antivibration gloves are examples of PPE.
Element 4: Monitor and Review
Managing manual task risk is an iterative “continuous improvement” process. Following 
implementation of any control measure, it is important to check that the controls are working as 
anticipated and that new risks have not been introduced. It is important to evaluate the effects on 
not just the workers directly involved with the change, but also other workers and processes that 
may be affected. Although this element is critical to successful processes, it is sometimes ignored 
or forgotten as the next issue or problem that arises usually needs the same resources to resolve.
Element 5: Record-Keeping
Keeping records of the steps taken in the risk management process is important for 
several reasons. It will ensure that an effective risk management process is in place by 
documenting the changes in risk factor exposures and MSD incident/severity rates. It provides a 
way of tracking the improvements made, maintaining the corporate memory of the reasons that 
changes were made, and allows for justification of future changes. Documenting controls or task
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improvements also allows this information to be shared so that similar tasks at other sites may 
also be improved using the same or similar controls.
Participatory Ergonomics
“Participative ergonomics” is based on an underlying assumption that the workers 
involved are the “experts” and must be involved at each stage of the risk management process if 
it is to be successful. In an MSD management context, employees and management participate 
jointly in hazard identification, risk assessment, risk control, and evaluation of the risk 
management process.
Many variations in the models and techniques used in participative ergonomics have been 
developed [Haines and Wilson 1998; Haims and Carayon 1998; Laing et al., 2005; Burgess­
Limerick et al. 2007]. However, a common element is to ensure the use of expert knowledge that 
workers have of their own tasks by involving the workers in improving their workplaces. 
Management commitment and provision of resources including a champion to promote the 
process, workers’ and management understanding of relevant ergonomics concepts and 
techniques, and a process to efficiently develop and implement suggested controls are also 
important components of successful participative ergonomics interventions.
Using participative ergonomics to address MSDs associated with manual tasks usually 
entails an ergonomics team, which includes workers as team members. This team must be 
knowledgeable about the risk management process, have the skills and tools required to assess 
manual task risks, understand the risk control hierarchy, and have knowledge of general 
principles of control strategies for eliminating and controlling manual task risks. Implementing 
an effective ergonomics risk management process also requires that all employees be able to 
identify risk factor exposures associated with manual tasks and be aware of the aspects of 
manual tasks that increase MSD risks. Having this awareness allows employees to consider ways 
to improve their jobs and ultimately reduce risk factor exposures. Training in risk assessment and 
control strategies ensures successful participation of workers in an ergonomics risk management 
process. Training team members to acquire these skills and work within a risk management 
process is a key concern. Team members identify risk factor exposures associated with their 
work and follow a risk assessment process that develops control suggestions. The team members
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plan the implementation of key controls and are subsequently shown how to evaluate those 
controls. Management commitment and effective risk management systems are required in order 
for the approach to be effective. Access to external ergonomics expert assistance may be 
necessary for particularly difficult or complex problems. It is also important to note that 
ergonomics is equally concerned with improving productivity and reducing waste, as well as 
reducing injury risks [Dul 2003]. This is crucial because any work modification that is 
implemented to reduce MSD risk should be easier, quicker, or more efficient than the previous 
methods of work. If not, the chance of acceptance and adherence to the new methods is markedly 
reduced, and ongoing supervision will be required to ensure compliance.
Evolution of Risk Management Processes
A risk management model, originally developed by Westrum [1991] and Westrum and 
Adamski [1999] and later broadened by Hudson [2003], describes the evolution of risk 
management strategies and the progression as a company moves from a pathological to a 
generative stage with regard to how risk is managed (Figure 1). At one end of the spectrum, the 
pathological stage can be thought of as the stage in which safety problems are attributable to the 
workers. The main driving force is the business and not getting caught by regulators. The 
reactive stage is the point where companies consider safety seriously, but only intervene 
following the occurrence of accidents. At the calculative stage, safety is driven by management 
systems; it is still imposed by management and not sought by the workforce. In the proactive 
stage, the workforce is becoming increasingly active in risk management. Finally, in a generative 
stage, everyone is involved in risk management and tries to maintain the well-being of 
themselves as well as their coworkers.
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Figure 1.—Evolution of health, safety, and environment risk management process 
[Hudson 2003].
This risk management hierarchy may be applied to an ergonomics risk management 
process where the company and the workforce integrate ergonomics principles into their risk 
management process. In this case, the approach follows the same path but with a focus on 
eliminating MSDs.
Pathological Stage: Workers and companies are unaware of how MSDs occur and let 
workers look out for themselves. Employees may have the signs and symptoms of an 
impending MSD, but no changes are made to the workplace. No formal job safety 
analysis techniques are used, and productivity is the primary focus.
Reactive Stage: Analysis of the incident is after the report of an MSD or several MSDs, 
and the solution or correction is often individualistic. Others doing similar jobs may or 
may not be considered as it is thought to be one particular employee’s problem. For 
MSD-related issues, often the workers believe that aches and pains are just part of their 
jobs or the aging process. They do not know that these recurring aches and pains are 
precursors to cumulative injuries and that these injuries can be prevented through 
planning of jobs, work environment, and equipment purchasing.
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Calculative Stage: At this stage, companies may accuse workers of being “hurt at home” 
or by “their hobbies” rather than by their work environment or by poor work task design 
or planning. Some management may use some outside training for proper lifting 
techniques or purchase “ergonomically designed” PPE or equipment to resolve issues. In 
some cases, the company may fix very specific problems successfully through training 
and procedural approaches. These interventions have a positive impact on the situation, 
but the more global philosophy of prevention is not adopted. In addition, there is no 
formal followup to see if the problem was resolved or if any other problems have 
resulted. In this stage, management may be aware of the cumulative injury process, but 
employees are not. Safety is still in the hands of management and not pushed down to the 
employee level. Management believes that the system in place works well to address 
issues brought to their attention.
Proactive Stage: Employees are educated about ergonomics principles, cumulative 
injury progression, and techniques to identify and reduce risk factors associated with 
MSDs. Management relies on employees to bring issues to them and to resolve them 
together. Management may also seek to provide periodic observations of all tasks or 
establish a wellness or fit-for-duty program. Ergonomic principles are used when 
evaluating and redesigning jobs. Management and workers are not waiting for MSDs to 
occur, but rather are looking for exposures to indicators (risk factors) that point to a 
potential MSD and then reduce or eliminate that exposure. In some cases, a consultant in 
ergonomics may be hired or an ergonomics committee formed. Focusing on risk factor 
exposures and reports of MSDs investigates why (root causes) such situations are 
occurring instead of what or when. The company takes responsibility for employees’ 
health during and outside of work and places less blame on the employee. Job safety 
analysis techniques include the evaluation of risk factors at each step in the standard 
operating procedures to ensure that they are considered. Finally, a procedure is put in 
place to conduct followup that ensures the solutions worked and to investigate other 
emerging issues. Anecdotally, workers appreciate these analyses and believe it is in their 
own interest and not just the company’s interest. Most solutions are off-the-shelf, and 
lessons learned are communicated throughout the mine and even company-wide. Still, the
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value (cost/benefit) of these interventions may not be fully understood and consequently 
may be underreported.
Generative Stage: There is anticipation of issues with regard to old and new processes 
and equipment. The ergonomic principles are integrated into the designing and planning 
processes. This integration occurs in the beginning and is understood to be as important 
as other engineering and purchasing decisions. Employees are trusted to make decisions 
about their jobs and recognize situations where changes need to be made. At this point, 
the employees are empowered with resources to make changes and inform management 
of needs. Investigation of risk factors, signs, and symptoms of MSDs is driven by an 
understanding of their root causes. The solutions are cost-effective and creative, and 
followups are done automatically. A database of all reported issues and changes to the 
workplace and equipment is available to the entire company and serves as an 
informational base from which to make the best purchasing and planning decisions. 
Safety is in the hands of educated employees. The cost of MSDs or cumulative injuries is 
reduced and profits are increased, the workforce returns home healthy, operating 
procedures include ergonomic principles, better habits are passed on to new recruits, and 
management and employees together see the overall interaction of systems and people. 
Less time is spent on addressing health and safety issues because they are under control 
and are the responsibility of all parties.
There are many characteristics of these stages not addressed here. However, the above is 
a summary of what a company might expect as it moves toward a more generative risk 
management approach. A company can use these descriptions to measure where they are and 
how to get to where they want to be [Shell International 2003]. The first step to achieving 
generative status is to understand what information is needed and how to educate employees to 





Ergonomics Processes: Case Studies
Mining is often characterized by physically demanding tasks performed under dynamic 
conditions, which creates greater challenges for applying ergonomic principles [Steiner et al. 
1999; Scharf et al. 2001]. To demonstrate the efficacy of applying ergonomic principles in 
mining environments, the National Institute for Occupational Safety and Health (NIOSH) 
partnered during 2000-2007 with three mining companies, different in size, organizational 
structure, and culture. Descriptive information about each company is provided in Table 1.
Table 1.—Demographic information for the three mining companies that partnered 
with NIOSH to implement ergonomics processes at their mines
Mining company
Bridger Badger Vulcan
Company size 1 mine 2 mines 372 facilities (175 mines)
Location Wyoming Wisconsin 21 states
Type of mine Surface Surface Surface




sand-water slurry pumped 
to processing plant
Drill-blast-load-haul
No. of employees 350 180 8,000 plus -  usually fewer 




Western Energy Workers 
Union
No No
Safety program Safety Department and 
Safety Committee
Safety Team Safety, Health, and 
Environmental (SHE) Team 





All three companies embraced the process elements described in Section I and identified 
by Cohen et al. [1997], but how these elements were addressed varied. This section illustrates 
how the three mining companies applied ergonomic principles and adapted the implementation
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process to meet their organizational and cultural needs. Tools and training used during the 
implementation of these processes are described in later sections.
Bridger Coal Co.
The first mine that NIOSH worked with was the Jim Bridger Mine, a surface coal mine 
located 35 miles northeast of Rock Springs, Sweetwater County, WY. This mine had one active 
pit approximately 20 miles long and an average production rate of 6.4 million tons of coal per 
year during 1995-2000. The workforce comprised 350 employees. The mine was operated by the 
Bridger Coal Co., a PacifiCorp company and subsidiary of Scottish Power.
For 5 years prior to this project, the average incidence rate for nonfatal days lost (NFDL) 
injuries at the Jim Bridger Mine was 1.32 injuries per 100 employees, compared to the national 
average of 2.34 for all mines and 1.31 for all western U.S. surface coal mines with more than 100 
employees. Although the mine’s average incidence rate was well below the national average and 
injuries related to MSD risk factors did not seem to be a major issue, Bridger Coal Co. decided to 
implement an ergonomics process. This action was consistent with mine management’s proactive 
approach to safety and health and its culture of seeking continuous improvement.
The Jim Bridger Mine has a very traditional approach to safety and health. This program 
is managed by a Safety Department and supported by a Safety Committee, with members from 
several other departments, such as production, maintenance, medical and engineering.
Employees were empowered to identify hazards and to request corrective action through their 
supervisors and/or the Safety Department.
Bridger Coal’s management decided that the best approach to implementing an 
ergonomics process was to establish an Ergonomics Committee within the Safety Department, 
but separate from the existing Safety Committee. This approach allowed Bridger to commit 
resources specific to ergonomic interventions. The committee, chaired by an Ergonomics 
Coordinator who reported to the Safety Manager, included 11 representatives from labor and 
management. Specific departments represented were medical, engineering/environmental, safety, 
human resources, production, and maintenance. Mine management was kept informed of 
committee activities and resource needs through the Ergonomics Coordinator and Safety
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Manager, who reported to the Mine Manager. The union was kept abreast of committee actions 
by union representatives appointed to the committee. The Ergonomics Coordinator and Safety 
Manager served as champions for the process and ensured that the process moved forward.
Since the Bridger Coal Co. decided to implement its ergonomics process separate but 
within its safety and health program, it was necessary for the Ergonomics Committee to define a 
procedure for processing concerns. The committee designed two forms for employees to 
complete to present concerns for followup: an “Employee Ergonomic Concern” form and a 
“Risk Factor Report Card.” The Employee Ergonomic Concern form requested specific 
information about equipment and work area, the nature of the concern, and whether the concern 
was acute or cumulative in nature. The Report Card was a 4- by 6-inch card that gave employees 
a mechanism to also identify potential risk factors and affected body parts, and note any 
comments and/or suggestions. Employees could complete either form, or both. The committee 
encouraged completing both forms since different information was collected by each form.
The steps followed by the Ergonomics Committee for processing a concern are shown in 
Figure 2. The concern is screened by the committee chairperson to determine if the problem 
involves exposure to MSD risk factors and if the exposure could be easily controlled without 
involvement of the committee. If the exposure cannot be resolved immediately, the concern is 
discussed at the next meeting and then assigned to a committee member for further review, 
which includes discussions with the employee submitting the concern. Subcommittees 
investigating concerns usually involve employees directly affected by the concern. When a 
concern is not considered viable or an intervention is not possible, the concern is reviewed again 
later as additional information or options, such as new technology, become available to resolve 
the concern. Concerns and the status of the concerns are maintained in an electronic spreadsheet.
One of the first actions taken to move the ergonomics process forward was to help the 
committee gain an understanding of ergonomics. The committee received training on the 
principles of ergonomics, risk factor identification, job prioritization, intervention 
recommendations, and cost/benefit analysis. During followup training sessions, the committee 
received instructions on using tools to document interventions, task analyses, and interviews; 
conducting interviews; videotaping/photographing tasks; and prioritizing interventions. This 
training, which was conducted by NIOSH personnel, was a combination of classroom instruction
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and field exercises so members could gain experience in conducting task analyses and 
identifying risk factors.
Figure 2.—Flow diagram of Bridger Coal’s ergonomics process.
Once the Ergonomics Committee was trained and had developed the procedure for 
processing concerns, employees were given training that focused on recognizing ergonomic risk 
factors and taking action by reporting risk factors to the Ergonomics Committee. Employees 
were told to be proactive and to target risk factors and not wait until an injury occurred. The 
employees were given information on how a cumulative trauma disorder may develop and how it
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is better to take action by eliminating risk factors before a disorder occurs. Employees were 
taught how to report a concern using the Risk Factor Report Card. The primary training module 
was geared to employees in production and maintenance. A second version of the training 
focused on office ergonomics and was given to administrative support employees. This 90- 
minute training was presented by NIOSH personnel and committee members, who introduced 
the training and then ended the training by encouraging employees to get involved in the process. 
Approximately 280 employees were trained during 21 sessions. For the most part, the training 
was well received by the employees. They participated in the interactive exercises and seemed 
quite knowledgeable about identifying risk factors at the conclusion of the training. In fact, 27 
employees submitted Risk Factor Report Cards to the Ergonomics Committee immediately 
following the training.
A simple record-keeping system was used for the ergonomics process. A listing of 
concerns was maintained in an electronic spreadsheet that included all the information provided 
on the Risk Factor Report Card. Additionally, each concern was color coded to document the 
status of the concern. Concerns were labeled as either completed, in progress, items referred 
elsewhere or dismissed, or items on hold. The committee also maintained a status/update 
document that allowed employees to monitor the status of their concerns. This document, posted 
on the ergonomics bulletin board, provided a short description of the concern and the current 
status of the intervention. If a concern was referred elsewhere or dismissed, the basis for this 
decision was provided.
The Ergonomics Committee established a bulletin board in the ready room, an area that 
all employees passed through when reporting to work. The bulletin board included information 
about the committee, how to report a concern, and a status report of interventions completed by 
the committee. NIOSH periodically provided posters to display on the bulletin board and at other 
meeting areas at the mine. The posters focused on introducing the Ergonomics Committee to the 
employees, identifying and reporting risk factors, ergonomic interventions completed by the 
committee, and risk profiles for specific tasks. The posters encouraged participation in the 
process and promoted interventions. PacifiCorp’s quarterly safety newsletter, Safety Times, twice 
featured the success of Bridger Coal’s ergonomics process. This newsletter is distributed to all 
employees of PacifiCorp, including Bridger Coal employees. These articles served as recognition
5
not only to committee members, but also to those employees submitting concerns for actively 
participating in the process.
The training provided to the committee members and the employees permitted Bridger 
Coal initially to have a proactive approach to resolving risk factor exposures before an injury or 
illness occurred. Additionally, employees actively participated in improving their own job tasks. 
As the process matured, ergonomic principles were applied to other processes, such as 
equipment purchasing decisions, which moved the ergonomics process to an even higher level of 
risk management. Because purchase specifications ensured that ergonomic principles were 
addressed during the construction of the equipment, the equipment arrived at the mine without 
issues related to risk factor exposures. In just 3 years, the Bridger Coal Co. implemented an 
effective, proactive process to reduce exposure to MSD risk factors. Instead of waiting for an 
injury to occur, Bridger Coal relies on an employee-based participative process to implement job 
improvements that promote the well-being and comfort of its employees and to incorporate 
ergonomics into many other processes affecting employee safety and health.
"Ergonomics has played an important role in helping Bridger Coal reach 
our goal of providing the safest and healthiest working environment 
possible for our employees. Our management and hourly employees 
alike understand the value of what has been developed. In the beginning, 
when the idea of establishing such a program surfaced, we were all 
skeptical of just how things would work. However, thanks to the 
combined efforts of NIOSH, PacifiCorp, and those at Bridger Coal 
Company involved in the creation process, we found that an Ergonomics 
Program could not only be efficiently developed, but that it could be 
highly effective as well. The Ergonomics Program is currently an integral 
part of our company, and we are confident that it will continue to 
improve and enhance the safe working experience at our mine."




Badger Mining Corp. is a family-owned small business with headquarters in Berlin, WI. 
Badger operates two sandstone mines near Fairwater and Taylor, WI, which produce 
approximately 2 million tons of industrial silica sand annually. Badger also owns three 
subsidiary companies, one of which participated in the ergonomics process. This subsidiary 
(LogicHaul) is located at the Fairwater Mine and is responsible for transportation and 
distribution of products via trucks and railcars. There are 180 employees at the Resource Center 
(headquarters offices), Fairwater, Taylor, and LogicHaul.
During 2002-2004, the average NFDL injury incidence rate reported to the Mine Safety 
and Health Administration was 3.28 injuries per 100 employees for the Taylor Mine. The 
Fairwater Mine had no NFDL injuries during this period. The national average NFDL injury 
incidence rate for similar type mines (surface mines that mine the same type of commodity) was 
2.15. A review of both NFDL and no days lost (NDL) or restricted workday cases occurring 
during 2003-2004 at both sites indicated that 79% of the NFDL injuries (61 of 77) and 85% of 
the NDL injuries (92 of 108) were associated with MSDs.
Organizationally, Badger uses a team management structure consisting of work teams 
and cross-functional teams that are responsible for setting the work schedule, changing work 
practices, and providing feedback to the Operations Team. Members of work teams are cross­
trained and may perform many disparate tasks. Work teams are self-directed and are responsible 
for the safety of their members. Badger associates complete CARE (Corrective Action Request 
for Evaluation) reports for all safety incidents, including accidents, injuries, property damage, 
near-misses, and hazard exposures. Cross-functional teams address functions pertinent to many 
teams, such as safety and quality. Each site has a separate Safety Team, which processes the 
CARE reports and addresses safety-related issues that cannot be resolved by the work teams. 
Because the mining processes and products are different at the two mines, the members of the 
two Safety Teams differ slightly. The Fairwater Safety Team includes 25 members and 
represents 16 work teams; the Taylor Safety Team includes 28 members and represents 15 work 
teams. The Safety Associate, a headquarters employee, also serves as a member of the Safety 
Teams at both mines. The Safety Associate functions as a consultant to the mines and provides 
training, offers motivational programs, conducts investigations, and implements Badger’s
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behavior-based safety (BBS) system, which was initiated in December 2002. BBS observers 
have been trained to conduct random, periodic observations of employees to identify both safe 
and unsafe behaviors and to correct unsafe behaviors. Safety observations are documented using 
a “Do It Safely” form and are conducted at both mines and the Resource Center.
When integrated with safety and health programs, ergonomics can be viewed as an 
approach to improve injury and illness rates and the overall working conditions for employees by 
addressing risk factor exposures that may occur during manual tasks. These exposures are most 
often associated with MSDs, but may also result in other disorders and illnesses, such as heat 
stress disorders or vibration-related illnesses. Because Badger decided to fully integrate the 
application of ergonomic principles with its existing safety program, ergonomic concerns are 
addressed using the same process as any other safety and health concern (see Figure 3). Actions 
to address these concerns are initiated by either a CARE report or a BBS ergonomic observation, 
which are reviewed by the Safety Team. If the risk factor exposure(s) can be addressed by this 
team, then no further action is needed. However, if the cost of the corrective action exceeds the 
limits set for the Safety Team, then the concern is transferred to the Operations Team. Since the 
Safety Team includes members of the Operations Team, this transfer is seamless. The champion 
for the Badger ergonomics process is the Safety Associate.
With a decentralized safety and health process, Badger initiated its ergonomics process 
by training all employees in February 2005. The training, which lasted 2.5 hours, was given by 
NIOSH. It emphasized identifying risk factor exposures and then reporting those exposures using 
a CARE report so that corrective actions could be instituted to resolve the exposures. This 
training also included a brief introduction to ergonomics and MSDs, with specific information on 
back injuries and how the risk of injury could change based on methods used to perform lifting 
tasks. Examples of risk factor exposures were illustrated with short videos of tasks performed at 
either Badger mine. Training techniques included interactive exercises and demonstrations. To 
ensure the participation of new associates in the ergonomics process, Badger provides 
ergonomics and risk factor awareness training during new associate orientation, and to keep 
associates involved in the ergonomics process, interactive exercises demonstrating ergonomics 
principles are included in annual refresher training.
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Figure 3.—Flow diagram of Badger company task improvement process.
Because Badger uses a BBS system as part of its overall safety and health program, it 
was decided to also incorporate ergonomic observations into this system for the purpose of 
identifying and eliminating exposures to risk factors. The primary focus of a BBS system is to 
decrease injury rates by preventing unsafe behaviors, which is accomplished by implementing a 
systematic process of data collection and correction of unsafe behaviors [Krause 2002]. Sulzer- 
Azaroff and Austin [2000], who examined articles describing the results of implementing BBS 
systems, reported that 32 of 33 BBS systems reviewed resulted in injury reductions. However,
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none of these systems reported results specific to MSDs. Although the top three U.S. automakers 
do not integrate their ergonomics processes with their BBS systems, other automotive 
companies—Toyota and Tenneco Automotive—have done so. In these two companies, BBS 
systems were used to identify musculoskeletal problems and direct potential solutions, similar to 
the Badger approach [Knapschaefer 1999].
Although ergonomics was initially included in the Badger BBS system to determine 
whether a hazard was present or not, the information gathered during observations was not 
sufficient to either identify specific risk factor exposures or control exposures not related to 
unsafe behaviors. For example, a person may use an awkward posture to do a task not because of 
an unsafe behavior but because the layout of the work station forces the worker to use an 
awkward posture. Typically, the observation of an unsafe behavior would result in training the 
worker not to use an awkward posture. However, because the awkward posture is a result of the 
work station layout and not a choice of method/behavior, further efforts are needed to resolve the 
risk factor exposures. In other words, observers require information for modifying tasks, 
equipment, tools, work stations, environments, and methods to eliminate exposures or use a 
hierarchical approach to control exposures (engineering controls, administrative controls, and 
PPE), with engineering controls being the preferred control measure [Chengalur et al. 2004]. 
Consequently, it was necessary to provide BBS observers with training not only in identifying 
specific risk factor exposures, but also in how to eliminate or control these exposures.
Training was provided to the BBS observers at both the Fairwater and Taylor Mines in 
July 2005 that focused on identifying risk factor exposures and presented simple ways to reduce 
or eliminate exposures associated with manual material handling. The training followed the 
observation process used by the observers to conduct safety observations and included role- 
playing exercises to allow the observers to be comfortable when doing ergonomic observations. 
To document risk factor exposures, an Ergonomic Observation Form was developed that also 
included simple ways to improve tasks. Information collected with this form includes risk factor 
exposures, body discomfort, root causes of the exposures, and corrective actions taken at the 
time of the observation. Practice completing the Ergonomic Observation Form was provided 
during the role-playing exercises.
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In June 2006, additional training was provided to the BBS observers. This training 
consisted of a review of risk factors followed by additional practice at identifying risk factor 
exposures by viewing short videos and observing work tasks during field exercises. Methods to 
improve jobs were also discussed. Members of the Safety Teams also attended this training since 
these teams resolve observations not immediately addressed by the observers and CARE reports.
From August 2005 to May 2006, the BBS observers at both the Fairwater and Taylor 
Mines completed approximately 30 ergonomic observations. During 10 of the observations, the 
risk factor exposures were either resolved or job improvements were identified. The job 
improvements included PPE (antivibration gloves) and training on how to do a particular task 
without exposures to awkward postures, and engineering controls. Two examples of engineering 
controls included raising the work surface with saw horses, which allowed the use of neutral 
postures, and constructing a handtool to open covers on railcars, which eliminated bending the 
trunk and reduced the forceful exertion needed to release the latch.
Ergonomic observations are maintained in an electronic spreadsheet, which includes all 
of the fields on the observation forms and the status regarding action, if any, being taken to 
address the risk factor exposures. Additionally, interventions are being documented using a 
format to show how the task was done both before and after the intervention was implemented. 
Information on the intervention, such as cost and source (manufacturer), risk factor exposures, 
and body part affected are included in this document. The intervention forms are distributed to 
associates via hard copy and Intranet to encourage improvements in other jobs and to share 
information among Badger facilities. Posters highlighting interventions are also used to 
encourage associates to participate in the ergonomics process.
The process being implemented at Badger is proactive as it addresses exposures to risk 
factors and not just injuries. During the first year of this process, the emphasis has been on 
addressing CARE reports and BBS ergonomic observations. However, information learned by 
the associates during the Ergonomics and Risk Factor Awareness Training was also applied to 
the design of new work areas and facilities. Badger’s process is participatory and as it matures 
will move to a more comprehensive process with the incorporation of ergonomic principles into 
more processes that affect employee safety and health.
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"Our ergonomics process has become a critical component of our 
overall safety program. Historically, ergonomic issues were the No. 1 
cause of associate injury. Through this process, we are now able to 
proactively address ergonomic risk factors, resulting in a healthier, 
happier, more productive workforce. The process has also resulted in a 
significant reduction in lost time and reportable accidents."
—Marty Lehman, Safety Associate 
Badger Mining Corp.
Vulcan Materials Co.
Vulcan Materials Co. is the largest U.S. producer of construction aggregates (crushed 
stone, sand and gravel). At yearend 2006, Vulcan had 372 facilities located in 21 states, the 
District of Columbia, and Mexico employing approximately 8,000 employees. The facilities are 
diverse in function, including stone quarries, sand and gravel plants, sales yards, asphalt plants, 
and ready-mix concrete plants. In 2006, Vulcan shipped 255.4 million tons of aggregates.
As a company, the basic organizations within Vulcan are seven autonomous divisions. 
The safety program is multilevel with Safety, Health and Environmental (SHE) Teams at the 
plant level, a Safety and Health Department at the division level (Safety Manager and Safety and 
Health (S&H) Representatives), and a Safety and Health Department at the corporate level 
(Safety Director and two safety professionals). Members of the plant SHE Teams include two to 
four hourly employees who volunteer for this assignment. The main functions of the SHE Teams 
are to conduct periodic inspections of the site and then report the findings to the Plant Manager. 
The division safety staff provide technical support to the plant management and SHE Teams, 
while the corporate safety staff provide technical support to the Division Safety Department.
In 2002, the National Stone, Sand and Gravel Association established a goal for its 
members to reduce their overall injury rate by 50% with 5 years. Vulcan committed to meeting 
this goal and immediately took steps to address safety and health hazards, which resulted in 
significant reductions in its injury rate. However, the injury rate was still above its goal because 
many of the injuries that were still occurring were a result of exposures to MSD risk factors. 
Vulcan decided it needed to take another approach. In August 2005, NIOSH researchers and 
Vulcan safety personnel (corporate- and division-level safety professionals) met to discuss how
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ergonomic principles could be applied within Vulcan Materials Co. to prevent MSDs. Because 
Vulcan has many facilities with fewer than 50 employees and limited on-site safety and health 
expertise, it was necessary to develop a plan to address both of these issues and also to address 
the overall size of the company. The plan that was developed took a two-phase approach. The 
first phase demonstrates how ergonomics can be applied at the Vulcan sites; the second phase 
lays the foundation for implementing a process throughout the company. To date, the first phase 
involved implementing ergonomics processes at two pilot sites within the Mideast Division. The 
second phase began with introducing ergonomic concepts and Vulcan’s ergonomics initiative to 
other Vulcan sites.
At the pilot sites (North and Royal Stone Quarries), ergonomics was integrated with the 
existing safety and health programs, primarily with the company’s “Taking Work out of Work” 
injury reduction initiative. Employees are encouraged to report risk factor exposures, using a risk 
factor report card, to the Ergonomics Review Team, whose members include the Plant Manager, 
the pit and plant supervisors, and the SHE Team leader. The Ergonomics Review Team, along 
with input from the S&H Representative, addresses the concerns using the process shown in 
Figure 4. When the concerns are investigated, a Manual Task Risk Assessment Form is used to 
evaluate risk factors, determine which risk factors should be controlled, and establish a 
prioritization score for determining which exposures should be addressed first.
The Vulcan process includes documenting the concern and the action taken to address the 
concern in a pilot database. As Vulcan expands its application of ergonomics throughout the 
Mideast Division and the other six divisions, information from the submitted cards and controls 
implemented will be captured in a division- or corporate-wide database and will be used as a 
resource for finding solutions to specific exposures, as well as to identify trends.
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Figure 4.—Flow diagram of Vulcan Materials Co. task improvement process.
In April 2006, Vulcan employees at the two pilot sites received ergonomics and risk 
factor awareness training. The objectives of the employee training were twofold: to provide 
employees with skills for identifying risk factors in their work areas similar to their skills for 
identifying safety or health hazards, and to encourage employee participation in the ergonomics 
process. Prior studies have shown that an important element of successful ergonomics processes 
is employee involvement [Cohen et. al. 1997]. The employee training was given in two 90- 
minute sessions, 1 week apart, and was modified to include a homework assignment that 
encouraged employees to complete report cards identifying risk factor exposures for two tasks
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they do as part of their jobs. The first session of this training was given by the Division Safety 
Manager; the second session was given by the S&H Representatives assigned to the pilot sites.
To become familiar with the training, these instructors attended a train-the-trainer session offered 
by NIOSH in February 2006.
The S&H Representatives assigned to the pilot sites and the Ergonomics Review Teams 
at both pilot sites were given additional training on implementing the ergonomics process, 
primarily how to process report cards, evaluate risk factor exposures, and determine appropriate 
controls. This training, given in April 2006, was a combination of classroom training and a field 
exercise. In the classroom, participants discussed how to implement the process, evaluate various 
implementation tools, and viewed several short videos to gain practice at identifying risk factor 
exposures. The field exercise provided practice with observing actual tasks being performed by 
employees and completing the Manual Task Risk Assessment Form. The field exercise was 
followed by a brainstorming session to determine solutions for the observed risk factor 
exposures.
In July 2006, the S&H Representatives and Ergonomics Review Team members were 
offered another training session focusing on job improvements, primarily selecting handtools and 
modifying manual tasks. Additional information was provided on the stress experienced by the 
back muscles and spinal discs during various lifting tasks. Participants were given practice at 
determining options for reducing exposures to risk factors by analyzing several tasks performed 
at their sites and then brainstorming job improvements.
Vulcan initiated the second phase of its application of ergonomic principles in November 
2005 by offering all division S&H Representatives training that helped them to identify risk 
factor exposures and determine simple task improvements for reducing or eliminating risk factor 
exposures. During this training, the representatives were asked to submit examples of job 
improvements implemented at sites within their divisions. Approximately 10 improvements were 
submitted and posted on the Vulcan Intranet. In February 2006, NIOSH introduced ergonomic 
concepts to the Mideast Division Plant Managers. This presentation focused on Vulcan injury 
statistics with risk factor exposures and how ergonomics helped other companies to reduce their 
injury rates. The Mideast Division Engineering Department also received training from NIOSH 
in July 2006. This training emphasized the need to apply ergonomic principles during the
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planning and design stages to prevent exposures to risk factors. Specific components of this 
training included anthropometry and work station and conveyor design principles. For a 
homework assignment, participants were asked to design a sales yard clerk work station that 
could be used as a prototype for other Vulcan sites. The training/presentation offered during this 
phase was conducted primarily by NIOSH researchers, with support from Vulcan safety and 
health staff who provided information specific to Vulcan injury rates.
Because Vulcan is applying ergonomic principles at several levels within its company, 
there are several champions. At the pilot sites, the Plant Manager and the S&H Representatives 
are the champions. At the division level, the division Safety Manager is the champion. At the 
corporate level, the champion is the corporate Safety Manager.
"At first, I had some concerns about the ergonomics process creating 
problems and I was resistant to the idea of implementing a process, 
even though our employees have been encouraged to improve their 
jobs with our 'Taking Work out of Work' Initiative. However, the 
ergonomics process has incorporated this initiative into a formal 
process and given our employees a green light to think out of the box 
to make their jobs easier."
—Bryan Moore, Mideast Division Safety and Health Representative
Vulcan Materials Co.
Lessons Learned
When implementing new processes, there are always lessons to be learned. Some of the 
lessons learned by the three companies in the above case studies included the following:
Bridger Coal Co.
Committee Participants: Early in the implementation phase, a number of leadership and 
committee members were replaced. The designated champion moved to a corporate 
position and a new champion had to be selected, and some committee members chosen to 
represent their departments either did not have the time or were not interested in being on
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the committee. Although some changes in membership are inevitable, it is important to 
select participants who want to be a part of the process and to allocate to them sufficient 
time to perform their work duties as well as committee responsibilities. This latter item 
was addressed by Bridger Coal Co. by including Ergonomics Committee participation in 
the job performance evaluations for salaried personnel and by altering employee 
schedules to permit sufficient time for committee activities. In addition, committee 
members supported each other by helping with tasks when other members did not have 
time to complete their assignments. While other companies have assigned a full-time 
coordinator to implement an ergonomics process, this was not considered necessary at the 
Jim Bridger Mine.
Process Development: There is no single “right” method that will work for all 
companies when developing a process. Although the Ergonomics Committee was given a 
lot of information and a number of ideas on how to proceed, it was necessary for 
committee members to determine what would work best to meet their needs. Because the 
committee had the responsibility for selecting the path it would take in implementing the 
process and ensuring its success, it was critical to have the right people on the committee, 
i.e., people who were interested in ergonomics, understood its value to the employees and 
to the company, and understood how to integrate it with other processes.
Process Implementation: Although employees received training after the Ergonomics 
Committee developed a procedure for submitting concerns, sufficient time was not 
allowed for the committee to become thoroughly familiar with the procedure. Then, 
because employee training resulted in the submission of numerous employee concerns, 
the committee was initially overwhelmed at the same time it was learning the procedure 
to address these concerns. Committee members were apprehensive about the amount of 
time needed to address all of the concerns and how the delay in responding would affect 
support for the process. Sufficient time should be given for a committee to become 
thoroughly familiar with its procedures prior to giving employee training and requesting 
that employees submit concerns.
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Employee Training: When developing the employee training, several video clips were 
selected to demonstrate examples of risk factors. Approximately half of these video clips 
depicted Bridger Coal employees doing specific mining tasks. Unfortunately, other video 
clips taken at the Jim Bridger Mine did not adequately demonstrate risk factors, and clips 
from other operations were used. Some employees were critical that all of the video clips 
were not specific to work done at the Jim Bridger Mine. For future training, more video 
clips from the mine where employees are working, or from very similar mines, should be 
used.
Supervisory Training: Awareness training was focused mainly on employees and did 
not address the responsibilities of supervisors. Supervisors should receive additional 
training that specifically addresses their role in the ergonomics process. This training 
should demonstrate management’s support for the process and should be done prior to the 
employee training so that the supervisor can express support for implementing the 
process. Supervisory training is particularly critical for supervisors who may have 
employees who are reluctant to participate. The concerns of these employees may never 
be addressed unless their supervisor initiates an action with the Ergonomics Committee. 
In addition, it is imperative that supervisors be fully aware of the way the company plans 
to conduct business related to ergonomic concerns.
Badger Mining Corp.
Associate Training: Following the training given to associates, it seemed that some 
associates still had a difficult time understanding the benefits of ergonomics and grasping 
the concept of how ergonomics can be used to make their jobs easier. To address this 
issue, a practical exercise was developed for the upcoming refresher training. The 
exercise requested that the attendees perform a simple task that had a risk factor 
exposure. Then, with the materials at hand, they had to find a way to modify the task that 
reduces the risk factor exposure and also results in an increase in productivity. This 
hands-on exercise provided these associates with an improved understanding of how to
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apply ergonomics. This same exercise continues to be used as an introduction to 
ergonomics whenever new employee training is given.
Ergonomics Observation Form: Because a BBS system was part of the safety and 
health program implemented at both Badger mines, it was decided to expand the scope of 
observations that identified ergonomics as an issue. (On the BBS Observation Form, an 
ergonomics issue was identified with a single checkmark next to the word “ergonomics”. 
No other information was required; however, in some cases, the observers would include 
a brief description of the issue in the “comment” section of the form.) This expansion 
consisted of completing a one-page Ergonomics Observation Form that included 
additional information, such as risk factors, root causes, body parts with discomfort, and 
potential solutions to the exposures. All observers were given two training sessions, 
approximately 1 year apart, that focused on identifying risk factor exposures and then 
determining solutions for reducing the exposures. Simple job improvements were 
primarily for manual material-handling tasks. Practice with completing the Ergonomics 
Observation Form was also part of the training. Following both training sessions, the 
Ergonomics Observation Form was not widely used by the observers even though 
ergonomics issues were marked on the BBS Observation Form. The failure to use the 
Ergonomics Observation Form was related to a lack of time. Observers stated they did 
not even have sufficient time to meet their established goals for just the number of 
observations, without completing the Ergonomics Observation Form. The total number of 
observations completed for 2006 was about 50% of the stated goal. During this time 
period, both mines had record production levels without an increase in associates, putting 
further demands on available resources for implementation of the BBS program. 
Consequently, followup for ergonomics observations was generally completed by just a 
handful of observers. It is believed that just a few of the observers should have been 
selected to focus on ergonomic risk factor exposures and to follow up on observations 
identifying ergonomics issues. These observers could have received more in-depth 
training on identifying exposures, as well as methods to reduce or eliminate the expo­
sures. Additionally, they could have served as a knowledgeable resource at each mine.
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Process Champion: Because of the decentralized team structure at the mine sites, the 
progress made when implementing the ergonomics process was not always known or 
documented. Many of the interventions implemented were independent efforts of the 
individual teams and were not tracked by the ergonomics process defined in Figure 3. 
Consequently, information about these interventions had to be obtained in other ways. 
Additionally, because the champion assigned to the ergonomics process was physically 
located at the Resource Center and not at either of the mine sites, he was not always kept 
apprised of the efforts to implement various interventions. Even though the champion 
spent much of his time at both mine sites, it may have been helpful to assign an associate 
at each mine site to serve as a resource for the implementation process and to facilitate 
communication between the champion and the site teams, particularly for documentation 
purposes.
Vulcan Materials Co.
Documentation: It has been more difficult than expected to document the progress made 
at the pilot sites. Talking to the workers at the sites clearly revealed they have continued 
to apply ergonomics principles to their jobs and made them easier, but this information 
was not formally being captured. While documenting the interventions is not necessary 
for the process to be successful, a method for routinely documenting interventions would 
be useful so they can be shared with other sites. Possible solutions include: assigning this 
responsibility to a division-level S&H Representative, who would document inter­
ventions during periodic visits to the sites; or capturing this information during monthly 
safety meetings.
Recognition: To encourage the implementation of interventions, it is necessary to 
acknowledge workers who improved their jobs and to promote the value of such 
intervention efforts. This is now being done with a periodic one-page newsletter that 
highlights several implemented interventions that may be of interest to other sites.
20
Maintaining Interest: After risk factor exposures that were easy to fix were addressed, 
intervention efforts were directed to solutions that take longer to implement because of 
higher costs and more complex approval processes. Consequently, workers were not 
seeing anything being accomplished, and interest in the ergonomics process seemed to 
wane. Although ergonomics was still part of the culture, it was not being actively applied. 
To maintain interest, it is necessary to continue to promote an ergonomics process, 
similar to other safety and health programs.
Summary
Applying ergonomic principles within the mining industry has been shown to be a viable 
approach for addressing exposures to risk factors by implementing task improvements. All three 
companies who partnered with NIOSH to implement an ergonomics process were able to 
integrate ergonomics within their existing safety and health programs and to establish a 
systematic process to resolve ergonomic issues and implement task improvements. As it matures, 
the implementation process will move from addressing risk factor exposures and MSDs to 
incorporating ergonomic principles in the design of future work stations/equipment/tools and 
equipment specifications. Risk factor exposures will be proactively addressed in the design and 
planning stages, and ergonomics will automatically be an accepted way of doing business within 
the organization.
From the case studies presented, it is apparent that the ergonomics processes were 
successful because each implementation plan was modified to meet specific needs and address 
differences within each company, such as the demographic differences listed in Table 1 and 
cultural and organizational differences (how employee participation is encouraged and 
implemented, organizational structure, communication channels, etc.). Table 2 compares the 
three case studies with regard to how the implementation approach was modified. However, all 
three mining companies followed a basic framework or model that included the following critical 
elements:
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• Assign a champion to promote and serve as an advocate and leader in applying 
ergonomic principles.
• Provide training to employees and organizational entities responsible for 
implementing the ergonomics process. The training should be customized to meet the 
roles played by each group in the implementation process.
• Develop a systematic process to identify and control risk factors associated with 
methods, tools, equipment, work stations, and environment. An example of a generic 
process for improving tasks is shown in Figure 5. If an exposure cannot be resolved, 
then it should be reviewed later as additional information or options become 
available.
• Track and document progress to demonstrate the benefits of the process, share 
interventions, and communicate lessons learned.
• Integrate ergonomics with other processes that affect worker safety and health, such 
as purchasing decisions, work schedules, modifications to existing 
facilities/equipment, and procedures. By doing this, costly reengineering efforts to 
correct problems with risk factor exposures can be avoided.
Table 2.—Comparison of the three case studies with regard to demographics, 
organizations, and implementation approaches
Factor CompanyBridger Badger Vulcan
Implementation
responsibility
Ergonomics Committee Safety Team SHE Team and division- and corporate- 
level support
Champion (s) Safety Manager 
Ergonomics Coordinator
Safety Associate Manager, Safety Services (corporate 
level)












Pilot SHE Team 
S&H Representatives 
Mideast Division Plant Managers 
Mideast Division Safety Manager 
Mideast Division Engineering 
Department




Database for employee concerns and 
interventions
Communication Posters and newsletter 
articles
Posters and flyers Newsletter and Intranet
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Figure 5.—Generic process for improving tasks.
The above framework is further described in a stand-alone two-page document in the 
Appendix. This document can be used to inform management as to what would be needed to 






Quantifying the effectiveness of ergonomics processes depends strongly on the 
organization and the original goal of the ergonomics process. It is common to see effectiveness 
measured in the number or incidence rate of workdays lost, number or incidence rates of 
injuries/illnesses, number of near-misses, or workers’ compensation costs. Examples of how 
these measures have been used were reported by GAO [1997].
For some organizations, particularly small companies with limited injuries and illnesses, 
these measures may not be suitable. In these cases, use of survey tools, such as a 
Musculoskeletal Discomfort Survey form, may be more useful. Another constructive approach 
may be to quantify exposure levels to risk factors before and after implementing an intervention. 
For a lifting task, for example, the amount of weight lifted during a work shift may be measured 
before and after an intervention has been applied. Other examples include posture improvements, 
reducing the distance objects are carried, and reducing the number of repetitions performed. 
Other more technical tools that could be used to show reduced exposures include Rapid Upper 
Limb Assessment [McAtamney and Corlett 1993], Rapid Entire Body Assessment [Hignett and 
McAtamney 2000], the Revised NIOSH Lifting Equation [Waters et al. 1994], Hand Activity 
Level [ACGIH 2007b], and the Strain Index [Moore and Garg 1995]. Additional technical tools 
are available from Thomas E. Bernard, Ph.D., University of South Florida [Bernard 2007].
Since the three companies that partnered with NIOSH to implement ergonomics 
processes had very low injury incidence rates and few documented MSDs, it was not possible to 
use many of the above measures to demonstrate effectiveness. The companies were most 
interested in changing the way they looked at these types of injuries and tracking interventions, 
particularly when there were opportunities to share job improvements with other sites within the 
company. To assess process effectiveness for the three case studies, NIOSH used both 
discomfort data and/or interventions (job improvements) implemented. Discomfort data are 





Reports of employee discomfort were obtained using a Musculoskeletal Discomfort 
Survey form adapted from the Standardized Nordic Questionnaire [Kuorinka et al. 1987]. The 
survey was administered in 2001 by NIOSH researchers and again in 2004 by Bridger Coal 
management. Although the survey was completed by 225 employees in 2001 and 116 in 2004, 
only 41 surveys could be matched for both years. The lower response rate in 2004 was attributed 
to a significant change in personnel (both turnover and reassignments) when the mine began 
converting its operations from surface to underground.
An analysis of the 41 matched survey reports did not indicate statistical differences in the 
rate of discomfort reported before and after the ergonomics process was implemented. However, 
the overall trend observed indicated a 17% decrease in discomfort reports following 
implementation of the ergonomics process. Fewer employees reported discomfort for the head, 
elbows, wrists/hands, upper back, and lower back (Figure 6). The most frequently reported body 
part with discomfort was the lower back both before and after the process implementation. Also, 
before the process was implemented more employees tended to experience discomfort in 
multiple body parts. For example, before the process was implemented 24% of the employees 
reported discomfort in three different body parts, while after the process was implemented only 
17% reported such discomfort (Table 3).
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Figure 6.—Number of body part discomfort reports during the past 12 months 
for 2001 and 2004 (n = 41).
Table 3.—Number of Bridger employees reporting discomfort 
in one to four different body parts (n = 41)
No. of body parts with discomfort No. of employees reporting any discomfort
Year 1 2 3 4
2001 7 5 10 8 37
2004 6 5 7 5 31
With regard to age, the percentage of employees reporting discomfort prior to the process 
was greater for three age groups (31-40, 41-50, and over 50) compared to the percentages for 
the same age groups after implementing the process. A slightly downward trend in reporting 
discomfort (83% to 72%) with increasing age (31-40 years old to over 50 years old) was 
observed after the process was implemented. A decrease in discomfort with increasing age was 
not observed before the process was implemented. The same results were observed when 
considering discomfort reports for the lower back (see Table 4).
Although trends in discomfort seemed to indicate that fewer employees were 
experiencing discomfort after the process was implemented, it is not possible to attribute the
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decline in discomfort directly to the ergonomics process. Many changes were occurring at the 
Jim Bridger Mine, such as job reassignments, that may have also impacted discomfort levels.
Table 4.—Percentage of Bridger employees reporting discomfort by age
All body parts Back
Year Age (years) Age (years)
31-40 41-50 >50 31-40 41-50 >50
2001 100 89 100 86 65 100
2004 83 73 72 83 53 56
Interventions or Job Improvements
Employee reports of risk factor exposures and intervention efforts were documented and 
tracked by the Ergonomics Committee. Risk factor exposure data were obtained from employees 
who submitted concerns to the committee. Three years into the process the Ergonomics 
Committee received 55 concerns and successfully completed improvements for 22 concerns.
Five more concerns were actively being addressed, and nine other concerns were on hold 
pending receipt of additional information. The remaining 19 concerns were either addressed as 
safety and health concerns or were not considered valid.
Table 5 provides information on interventions implemented by the Bridger Coal Co., 
including those initiated by the Ergonomics Committee. The average number of employees 
affected by an intervention was 16.8. Over half of the interventions involved the purchase of new 
equipment or seats. All of the purchases except one cost less than $3,000. Some modifications 
were completed by the equipment maintenance staff and did not result in significant expenditures 
of funds or time. The easiest type of concerns addressed by the committee involved rearranging 
equipment or work stations. Although many of the interventions seemed to be rather simple 
solutions, determining appropriate interventions usually involved detailed investigations and 
analyses to ensure employee acceptability and reduction in risk factor exposures. Activities 
performed when identifying and assessing potential interventions often included employee 
interviews, risk factor determinations, product identification and evaluation, and review of 
manufacturer approvals. Only one complaint could not be addressed by the committee because 
the intervention was considered cost-prohibitive.
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Brief description of intervention
Existing equipment 19 • Handle added to chocks to reduce back flexion
modified 5 • Loader foot pedal angle decreased to allow a 
relaxed foot position
11 • Drill pedal moved to a more accessible location
11 • Prill truck ladder handrail moved closer to the 
ladder to allow use with proper body positions
Work station 27 • Pump switch location changed to eliminate
rearranged excessive reaching
5 • Loader seat aligned with controls to eliminate 
twisting
New work stations 2 • Adjustable office work stations purchased to allow
purchased proper body postures
New equipment 14 • Lightweight welding helmets replaced heavier
purchased helmets to reduce the load supported by the neck 
and upper back
14 • Wooden hammer handle with rubber guard 
replaced fiberglass handles to reduce hand 
vibrations
9 • Nylon tie-down straps replaced heavier chains to 
reduce the load when handling the chains
29 • Small table placed outside tool room so tools being 
returned could be placed on the table rather than on 
the floor. (Mechanics need to remove their safety 
glasses to use an eye scanner so they can gain 
access to the tool room. Holding tools hindered 
them from removing their safety glasses.)
• Floor mats installed in warehouse to reduce
2 discomfort from walking on concrete floors.
• J-hook bar obtained to pull dragline cable rather
16 than lifting the cable 
• Tractor purchased to move trailing dragline cable
16 rather than moving the cable manually 
• Dragline work station improved with larger, more
15 adjustable armrests and a footrest to reduce 
exposures to awkward postures
New seats 47 • Seats changed in draglines, loaders, and blades to
purchased improve comfort
Availability of PPE 45 • Additional kneepads stocked in warehouse to
improved reduce contact with hard surfaces
5
Badger Mining Corp.
Within 1 year of implementing its ergonomics process, Badger initiated more than 
40 interventions, which are described in Tables 6 (Fairwater Mine) and 7 (Taylor Mine). Some 
of these interventions were planned prior to initiating the ergonomics process; however, 
information gained from the training led to improvements from the original design. All but a few 
of the improvements were engineering controls, and many of them involved obtaining new 
equipment or work stations. Some of the modifications to work stations or equipment were 
completed by the equipment maintenance staff and did not result in significant expenditures of 
funds or time.
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Brief description of intervention
Existing equipment 3 • Mirrors installed on mobile equipment to eliminate
or work station twisting when looking to the side and rear of the
modified vehicle
3 • Asphalt applied to unpaved roads to reduce whole- 
body vibration
6 • Powered loading dock ramp replaced manual 
placement of dock ramp, eliminating forceful 
exertions
6 • Automatic actuators installed in screen house 
replaced the requirement to manually reset 
actuators, which involved excessive reaching and 
back flexion
New work stations 3 • Truck scale with washout system replaced manual
purchased or cleanout while standing in a pit
constructed 3 • Rail load-out canopy eliminated stooping under 
low-hanging equipment and improved protection 
from falls
New equipment 3 • Brake stick used for railcars instead of climbing on
purchased or railcar and manually setting brake, which involved
constructed forceful exertions
3 • Floor mats purchased for dry plant to improve 
walking surfaces
4 • Automatic greaser installed on vehicles replaced 
manual grease guns, eliminating awkward postures
• Automatic grease gun replaced manual grease gun,
4 which eliminated repetitive motions 
• Electric tarps replaced manual tarps on dump
5 trucks, eliminating exposure to repetitive motions 
• Man lift replaced climbing ladders
4 • Automatic dust collection screw replaced manually
5 pounding on the hoppers 
• Tool to unlatch rail covers replaced manually
3 unlatching the covers with a hand and foot, thereby 
avoiding excessive back flexion
New seats 1 • New office chairs replaced existing chairs to
purchased promote improved postures
2 • Air-ride seat installed in haul truck to improve 
postures and reduce whole-body vibration
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Brief description of intervention
Existing equipment 6 • Rail cleanout facility modified to allow a standing
or work station posture rather than a stooped/squatting posture
modified 16 • Dozer operator compartment modified with an 
improved seat
16 • Smaller 3.0-gallon buckets for preserving drilling 
samples replaced 5.0-gallon buckets, which reduced 
forceful exertions when removing buckets from 
holes
16 • Ramp leading into pit widened
16 • Haul roads straightened
16 • Ride control installed on new loaders to reduce 
whole-body vibration
7 • Airflow in dryer pipe revamped
Work station 5 • Tools placed in tool buckets so weight is evenly
rearranged distributed and avoids leaning to one side
New work stations 5 • Raised (waist-high) work station built for
purchased or constructing bucket elevators to avoid working on
constructed floor and awkward postures
New equipment 6 • Hy-vac truck purchased for rail cleanout replaced
purchased manual shoveling
6 • 2-inch hose on Hy-vac replaced heavy 4-inch hose
6 • Brake stick used for railcars instead of climbing on 
railcar and setting brake manually, which involved 
forceful exertions
6 • Railcars with lightweight hatches replaced railcars 
with heavy metal covers, which reduced forceful 
exertions when lifting the covers
7 • Autosamplers installed in dry house replaced 
manual collection of samples
2 • Telephone headset purchased for receptionist to 
eliminate supporting the phone with the shoulders
5 • Drills purchased for bucket elevator construction
5 • Shock-absorbing hammers replaced regular 
hammers
5 • Antifatigue mats placed in heavy traffic areas of the 
shop to reduce discomfort from walking on 
concrete floors
1 • Wagons built to transport tools instead of carrying 
tools
7 • Cable cutter attachment for drill replaced manual 
cutter, eliminating exposures to forceful exertions 
and repetitive motions
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Brief description of intervention
New equipment 5 • New pickup trucks replaced Army surplus vehicles,
purchased— which reduced whole-body vibration levels
Continued 6 • Electric grease guns replaced manually operated 
grease guns, eliminating repetitive motions
7 • Elevator installed in new dry plant, which replaced 
the need to climb stairs while carrying tools
5 • Automatic parts washer replaced manual washing 
of parts, eliminating exposures to forceful 
exertions, repetitive motions, and stooped postures
6 • Hinged screen covers replaced covers that had to be 
manually lifted off the screen housing, reducing 
forceful exertions
New seats 16 • Replaced seat in drill to improve postures and
purchased reduce whole-body vibration levels
Elimination of 
equipment
6 • Railcars with trough hatches removed from service
Work practice 1 • Modified method to open bulk bags to eliminate
modified stooping and leaning into bag
PPE 5 • Antivibration gloves purchased for constructing 
bucket elevators
5 • Welding helmets with autodarkening lens replaced 
helmets with regular dark lens
5 • Shoe insoles provided to maintenance workers to 
reduce discomfort when standing/walking on 
concrete floors
Vulcan Materials Co.
Immediately following the employee training, both Vulcan pilot sites implemented job 
improvements in response to the Risk Factor Report Cards submitted by the employees. Within 
12 months, several interventions were completed at both pilot sites, as well as at Central 
Services, which received the Ergonomics and Risk Factor Awareness Training as Vulcan 
expanded the process within the Mideast Division. Although many of the interventions involved 
the purchase or construction of new equipment, few expenditures exceeded $5,000. In many 
cases, the labor was done internally and the costs of the interventions were insignificant.
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Brief description of intervention
Existing equipment or 1 • Standing work station was converted to a sit-
work station modified stand work station for the crusher operator
4 • Screen storage racks were reoriented from 
vertical to horizontal storage so the screens 
could be placed on the rack with a forklift
1 • Removable stairway added to drill to improve 
egress/ingress
2 • Water slide added to conveyor that collects and 
removes spillage from floor of tower, which 
eliminated manually hosing area to remove 
spillage
1 • Side-view mirrors placed on scraper to 
eliminate looking over the shoulder
2 • Mirrors installed at supply bins to view back of 
trucks as the bins are filling, eliminating 
twisting the head and neck
Work stations 1 • Counters used to track number of loads dumped
rearranged at the crusher were moved to eliminate 
excessive reaching
New work stations 4 • Constructed ramps to replace manual jacking of
purchased or vehicles when changing oil
constructed 4 • Moved storage location for vehicle filters from 
second floor accessed via a stairway to a shed 
adjacent to the work area -  eliminated climbing 
stairs and unsafe practice of holding bulky 
boxes when descending stairs
New equipment 3 • Tool boxes placed on each level of the screen
purchased or tower to eliminate carrying tools to different
constructed levels when repairs are needed
3 • Water valves and hoses installed on all levels 
of screen towers to eliminate pulling the hoses 
to different levels of the towers
3 • Crane installed to lift screens to the multiple 
levels of the screen towers rather than carrying 
the screens up several levels of stairs
5 • Slide sledge was obtained to replace some uses 
of sledgehammers
1 • Manual lifting and carrying of waste buckets 
were replaced with a waste bin modified so it 
could be moved with a forklift
2 • Remote control to release materials from 
storage bins replaced manually pulling on cord
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Brief description of intervention
New equipment 3 • Antifatigue mats purchased for crusher operator
purchased or work station and workshops
constructed— • Replaced manual torque wrenches with
Continued hydraulic torque wrenches
4 • Obtained battery-operated screwdriver to 
replace manual screwdrivers
4 • Obtained ^-inch air wrench to replace manual 
screwdriver
4 • Hilman rollers used to move differentials under 
loaders
• Automatic washer replaced manual cleaning of 
parts
• Constructed wheeled table with an elevated 
working surface to move parts to the automatic 
washer, which eliminated back flexion when 
picking up parts
1 • Installed automatic belt sampler to collect stone 
samples, which eliminated manually carrying 
5-gallon bucket from conveyor to pickup track
1 • Installed blind-spot camera in the stockpile 
area, which eliminated twisting head and neck 
to view traffic
4 • Obtained wagon to transport vehicle filters 
instead of carrying them
• Obtained circular wheeled cart for moving 
55-gallon drums
• Obtained rotating engine stand to position parts 
being repaired
1 • Purchased new rock breaker with improved 
ingress/egress and control options/locations
New seats purchased 1 • New seat purchased for the drill now that 
allows operator to place feet on the floor
5 • New seats purchased for Komatsu haul trucks
Job enlargement 2 • Mechanic’s job duties expanded to include 
operating vehicles (dozer, loader, and haul 
trucks)
PPE 2 • Shoe orthotics provided to mechanics to reduce 
discomfort from standing/walking on hard 
surfaces
• Mechanics gloves provided for handling 






This section includes tools that were used by Bridger Coal, Badger Mining, and Vulcan 
Materials to implement their ergonomics processes. When applicable, information is also 
provided to describe the purpose of the tool, when to use the tool, and how to complete the tool. 
Because tools were modified throughout the course of implementing the three processes, only the 
latest version of the tool is provided. Electronic files for the tools are provided on the enclosed 
CD and can be modified for personal use as desired. Table 9 provides summary information 
about each tool, including how to administer the tool and the time required. Table 10 provides 
information on when to use the tools included in this section.
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Table 9.—Summary information about each tool included in this section
Tool How to administer Timerequired Notes/Comments
A Risk Factor 
Report Card
Self-adm inistered by 
em ployees
5 minutes This card is a very sim ple w ay for em ployees to 
report concerns they have about their jobs. 










5-10  minutes The survey should be adm inistered periodically 
to assess changes. For determ ining the 
effectiveness of a process, discom fort levels 
should be tracked yearly for at least 3-4 years. 
For specific task interventions, discom fort levels 
could be tracked sooner, perhaps at 6-month 
intervals.





em ployees after 
instructions are read to 
the em ployees either 
individually or in a 
group
15-20 minutes Can be used to obtain inform ation from several 
em ployees about the same jo b  or position. As 
part o f reading the instructions, com plete the 
first and second exposures listed as examples of 
how the checklist should be completed.
The inform ation collected can be used to 




Com pleted by observer 
during observation/ 






Can be used during observations conducted for a 
BBS process to collect additional information 
needed to determine appropriate job  
improvements.
Can be used to track num ber o f exposures 
observed and to prioritize task interventions.
E Hand Tool 
Checklist
Com pleted by safety 
and health personnel
5-10  minutes Com pares handtools so each can be evaluated in 
term s o f the ergonomic design features. A ll o f 
the features are w eighted equally.




Com pleted by safety 
and health personnel 
w hen evaluating tasks
10-20 minutes Provides a very basic risk assessm ent and 
ranking system  for com paring risk before and 
after an intervention is implemented and for 
prioritizing interventions by body part affected.
G Ergonom ic Task
Im provem ent
Form
Com pleted by safety 
and health personnel or 
supervisor
10-20 minutes W hen possible, include photographs of 
intervention or how the task was done both 
before and after the intervention.
H Risk Factor 
Cards
Can be used as a handout during training to 
reinforce concepts taught during training or as a 
quick reference by safety and health personnel.
I Sticker Can be given to em ployees attending 
ergonomics training or used as an incentive to 
report exposures.
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Table 10.—Brief description of when to use the tools included in this section
If you want to... Tools
Obtain information about risk factor exposures 
from employees
A Risk Factor Report Card
Prepare a baseline prior to implementing an 
intervention, including an ergonomics process for 
reducing MSD risk
B Musculoskeletal Discomfort Form 
C General Risk Factor Exposure Checklist
Evaluate the effectiveness of an intervention B Musculoskeletal Discomfort Form 
C General Risk Factor Exposure Checklist
Obtain detailed information about risk factor 
exposures for a BBS process
D Ergonomics Observations Form
Evaluate ergonomic features of handtools, 
powered and nonpowered
E Hand Tool Checklist
Identify and assess risk factor exposures F Manual Task Risk Assessment Form
Assign risk level to risk factor exposures or job 
tasks
F Manual Task Risk Assessment Form
Publicize the effectiveness of an intervention G Ergonomic Task Improvement Form
Promote application of material learned in training 
about risk factor exposures




Risk Factor Report Card
Purpose
To encourage employee participation in the ergonomics process by providing a reporting 
mechanism for potential risk factor exposures and any body discomfort that may be related to the 
exposure.
When to Use It
The Risk Factor Report Card can be introduced to employees as a homework assignment 
during training. After training, employees can then use this tool to report their exposures and any 
body discomfort associated with risk factor exposures. The employees can also use it to provide 
input on how to change the task to reduce or eliminate the exposures. To promote reporting, the 
cards should be placed in areas where they are readily accessible to employees, such as 
lunch/break rooms, locker rooms, or posted on safety and health bulletin boards.
How to Use It
The information obtained from the Risk Factor Report Card can be used to target an 
intervention for the specific task identified on the card or to target interventions based on trends 
from information obtained from multiple cards. Examples of how information from multiple 
cards can be analyzed to target interventions are presented below for Risk Factor Report Cards 
submitted by Bridger Coal and Vulcan employees. To conduct these types of analyses, it would 
be useful to maintain the information obtained from the cards in a spreadsheet or database.
Bridger Coal Co.
The results of an analysis of concerns are shown in Figure 7. Of the 36 concerns 
processed by the Ergonomics Committee, one-third of the concerns were submitted by 
mechanics and another third by heavy equipment operators. The most frequently reported 
risk factor exposure was repetition, followed by heavy lifting and forceful gripping. The 
least reported exposure was vibration from using handtools. Discomfort was most 
frequently reported in the lower back and wrists/hands. These results indicate that
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interventions should be targeted for tasks done by mechanics that may require lifting or 
gripping tools or by heavy equipment operators who operate controls and sit for 
prolonged periods.
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As a homework assignment given during employee training, Vulcan employees 
submitted 42 report cards, 14 from the North Quarry and 28 from the Royal Stone 
Quarry. From the initial submittal of cards, risk factors and body discomfort were 
evaluated (Figures 8 and 9, respectively). At the North Quarry, poor postures, repetitive 
motions, and bouncing/jarring were the most frequently reported risk factors, while knees 
were the most frequently reported body part experiencing discomfort. By contrast, at 
Royal Stone, repetitive work and bouncing/jarring were the most frequently reported risk 
factors, while the lower back was the most frequently reported body part experiencing 
discomfort. Many of the reported exposures were associated with seating issues in heavy 
equipment. This information was used to initiate a study of whole-body vibration 












Figure 8.—Percentage of Risk Factor Report Cards identifying exposures to specific 
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U B a ck
Figure 9.—Percentage of Risk Factor Report Cards identifying specific 
body parts with discomfort (more than one response permitted.)
How to Complete the Tool
1. Identify work area and/or job title.
2. Briefly describe the task. Provide enough information so that another person can understand 
the nature of the task.
3. Mark the risk factor exposures associated with the task. If the risk factor is not listed, identify 
or describe it on the “Other risk factors” line. (NOTE: The risk factors listed on the card are 
those common to mining tasks. The list can be modified if other risk factors are present.)
4. If discomfort is occurring, place an “X” on the body part in the diagram that is experiencing 
discomfort associated with the task.
5. In the “Comments/Suggestions” area, provide information that will be useful in evaluating 
the risk factor exposure. Examples may include: ways to improve the task, date when the 
discomfort started, and how is this task done differently than other similar tasks.
6. Indicate the name of the plant or mine. This line can be omitted if the ergonomics process 
involves only one site or mine.
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RISK FACTOR REPORT CARD Name:
1. Work area: _________________________
2. Describe task: ______________________










4. Place X on affected areas.
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To identify the presence of discomfort by body part experienced by workers.
When to Use It
Use the Musculoskeletal Discomfort Form before and after implementing a process or a 
task specific intervention.
How to Use It
The Musculoskeletal Discomfort Form can be used to determine the effectiveness of an 
ergonomics process or a task specific intervention. The form is administered to employees to 
obtain a baseline prior to implementing a process or a task specific intervention, and then 
periodically after the process or task specific intervention has been implemented. The discomfort 
information can also be used to target interventions. For example, if several employees indicated 
they experienced shoulder pain, one could identify tasks that involve risk factor exposures for the 
shoulder, such as awkward postures or excessive force exertions, and then target those exposures 
for an intervention.
How to Complete the Tool
Employee ID: Indicate name or employee number.
Job/Position: Indicate job title or position.
How long have you been doing this job: Indicate number of years and months that you 
have worked in the job or position described above.
How many hours do you work each week: Indicate on average the number of hours 
worked per week.
Gender: Circle “M” for male, “F” for female.
Height: Indicate height in feet and inches.
Weight: Indicate weight in pounds.
To be answered by everyone (left column of table): For each body part listed, mark 
“No” if you have no discomfort or “Yes” if you have discomfort.
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To be answered by those who have had trouble (discomfort) (middle and right 
columns of table):
Have you at any time during the last 12 months been prevented from doing 
your normal work because of the trouble? If you had discomfort any time 
during the past 12 months that prevented you from doing your normal work, mark 
“Yes” for that body part. If the discomfort did not prevent you from doing your 
normal work, mark “No.”
Have you had trouble at any time during the last 7 days? If you had
discomfort any time during the past 7 days, mark “Yes” for that body part. If the 
discomfort did not occur during the past 7 days, mark “No.”
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Musculoskeletal Discomfort Form (Based on the Nordic Questionnaire) Employee ID:
Job/Position: 
week? ____ Gender: M F Age:
How long have you been doing this job?  years  months How many hours do you work each
  Height:____ ft.____ in. Weight:______________
How to answer the questionnaire:
Picture: In this picture you can see the approximate 
position of the parts of the body referred to in the table. 
Limits are not sharply defined, and certain parts overlap. 
You should decide for yourself in which part you have 
or have had your trouble (if any).
Left Right
-Low er Back 
— W rists/H ands
—/ —Hips/Thighs
—Ankles/Feet
Table: Please answer by putting an “X” in the appropriate box - one “X” for each question. You may be 
in doubt as to how to answer, but please do your best anyway. Note that column 1 of the questionnaire is 
to be answered even if you have never had trouble in any part of your body; columns 2 and 3 are to be 
answered if you answered yes in column 1.
Back View
To be answered by everyone To be answered by those who have had trouble
Have you at any tim e during the last 12 months 
had trouble (ache, pain, discomfort, numbness) 
in:
Have you at any time during the 
last 12 months been prevented 
from doing your normal work
(at home or away from home) 
because of the trouble?
Have you had trouble at any 
tim e during the last 7 days?
Neck
□ No □ Yes □ No D Y es □ No □ Yes
Shoulders
□ No □ Yes, right shoulder
□ Yes, left shoulder
□ Yes, both shoulders
□ No D Y es □ No □ Yes
Elbows
□ No □ Yes, right elbow
□ Yes, left elbow
□ Yes, both elbows
□ No D Y es □ No □ Yes
Wrists/Hands
□ No □ Yes, right wrist/hand
□ Yes, left w rist/hand
□ Yes, both w rists/hands
□ No D Y es □ No □ Yes
Upper Back
□ No □ Yes □ No D Y es □ No □ Yes
Lower Back (small of back)
□ No □ Yes □ No D Y es □ No D Y es
One or Both Hips/Thighs
□ No □ Yes □ No D Y es □ No D Y es
One or Both Knees
□ No □ Yes □ No D Y es □ No D Y es
One or Both Ankles/Feet
□ No □ Yes □ No D Y es □ No D Y es
[Kuorinka et al. 1987]
TOOL C
General Risk Factor Exposure Checklist
Purpose
To obtain risk factor exposure profiles for specific jobs.
When to Use It
This tool is used prior to implementing a process or task-specific intervention to obtain a 
baseline for exposures. The checklist can then be administered periodically to determine if the 
exposures have been reduced or eliminated after the intervention has been implemented to 
determine the effectiveness of the process or intervention.
How to Use It
The information obtained will yield a listing of exposures associated with a job. This can 
be used to rank jobs based on exposures, providing a basis for prioritizing interventions. The 
checklist can also be used to categorize risk factor exposures by jobs, departments or teams, 
sites, or body part affected. This tool was designed to be completed by employees after receiving 
instructions from an administrator, such as a safety director. Once the exposures are known, then 
followup with employees is needed to determine the specific tasks associated with the risk factor 
exposures. The information obtained from the checklist can be used during brainstorming 
sessions with employees to facilitate discussion and focus the direction of the discussion.
An example of how this checklist was used at the Badger mines is shown in Tables 11 
and 12. The percentage and number of employees reporting specific exposures were determined 
in order to identify the most frequently experienced risk factor exposures at each location 
(Table 11). The shaded cells indicate risk factor exposures that were reported by at least 60% of 
the employees at that site. This information could be used to determine which risk factors needed 
to be targeted at each site and which site had the greatest number of exposures affecting the 
greatest number of workers. For example, the information in Table 11 indicates that 
interventions may be needed to address the intensive keying and static postures for the Support 
employees and whole-body vibration exposures at Taylor, Fairwater, and Trucking. Risk factor
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exposures reported by employees on each work team at the two mines were also determined. The 
results for the Taylor Mine are shown in Table 12. These results identified the Mine Team as 
having the greatest number of employees with reported exposures (shoveling, whole-body 
vibration, and static postures). The Wash, Rail, and Maintenance Teams also had some risk 
factor exposures that were reported by 90% of the team members. This information allows one to 
target the intervention efforts to have the greatest impact on employee health after reducing or 
eliminating exposures.
A system was developed to obtain a single risk factor exposure score for each employee. 
The score is based on the number of exposures and severity of each exposure, according to 
duration of exposure, repetition of exposure, or weight lifted. All risk factors are scored equally,
i.e., no risk factor is considered more important or weighted more than another risk factor.
Potential Issues With Checklist
Because of the large number of risk factors included in the checklist, the analysis can 
become daunting, particularly if a large number of checklists are completed. To simplify the 
analysis, it may be helpful to limit the risk factors to those affecting body parts of interest. For 
example, if back injuries are a problem, then only include the risk factors affecting the back. 
Using a software program (e.g., Microsoft Excel) to analyze the responses may also be helpful. 
For the Badger analysis, some of the risk factors were combined to simplify the analysis. In this 
case, the lifting risk factors were combined, as well as pushing and pulling risk factors.
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(Shaded areas indicate risk factor exposures reported by at least 60% of employees at each location. 
N = total number of employees at each location; n = number of employees reporting exposure.)



















n % n % n % n %
Forceful
exertion
Lifting 31 62 14 56 7 47 9 20
Shoveling 37 74 15 60 2 13 5 11
Pinch grip 29 58 18 72 6 40 7 16
Grasping 32 64 18 72 8 53 5 11
Carrying 19 38 10 40 3 20 9 20
Pushing 16 32 10 40 5 33 4 9





23 46 13 52 5 33 4 9
Neck bent 33 66 18 72 6 40 27 61
Wrist bent 24 48 21 84 10 67 24 55
Back bent 
(stooping)
30 60 17 68 11 73 4 9
Squatting 22 44 13 52 7 47 4 9
Kneeling 22 44 13 52 10 67 3 7
Static
position
26 52 16 64 11 73 40 91
Vibration Moderate
hand-arm
15 30 11 44 5 33 2 5
High hand­
arm
16 32 9 36 4 27 1 2
Whole body 42 84 18 72 10 67 3 7
Contact stress 20 40 8 32 5 33 3 7
Intensive keying 18 36 11 44 2 13 40 91
Repetition 20 40 14 56 2 13 9 20
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(Shaded areas indicate risk factor exposures reported by most employees for specific teams when the number of team members exceeds 1. 
(N = total number of employees on team; n = number of associates reporting risk factor exposure)
























n n n n n n n n
Forceful
exertion
Lifting 2 1 5 0 6 8 7 1 1
Shoveling 3 3 1 5 8 15 1 1
Pinch grip 3 1 3 1 4 9 8 0
Grasping 2 1 3 0 6 9 9 1 1
Carrying 0 1 4 1 0 7 4 1 1
Pushing 1 1 2 1 1 6 3 1 0





0 1 3 0 3 8 6 1 1
Neck bent 0 1 4 1 6 10 8 1 1
Wrist bent 1 1 1 0 3 7 9 1 0
Back bent 
(stooping)
0 1 4 1 6 10 7 1 0
Squatting 0 1 2 0 6 7 6 0 0
Kneeling 1 1 4 0 6 6 4 0 0
Static
position
1 1 1 1 0 6 13 1 2
Vibration Moderate 
hand-arm
0 1 3 0 0 8 3 0 0
High hand- 
arm
0 1 3 0 0 8 4 0 0
Whole body 3 1 4 0 4 11 16 1 1
Contact stress 0 1 3 1 1 7 5 1 1
Intensive keying 2 1 0 0 2 8 2 1 2
Repetition 2 1 3 1 1 5 7 0 0
How to Complete the Tool
Because this tool is intended to be administered to employees, written instructions, shown below, have 
been prepared and are included with the tool.
Instructions
The purpose of completing this form is to identify exposures to MSD risk factors that occur when doing tasks required by 
your job. Your answers will be used to track the effectiveness of applying ergonomics at your mine.
1. ID: Name or employee number of employee completing checklist. (It is important to enter your name on the
checklist so your checklist can be matched to future checklists.)
2. Job/Position: Provide the name of your job. Please be as specific as possible (mechanic, dozer operator, crusher
operator, etc.).
3. Team/Department: Indicate the name of your organization.
4. Date: Date checklist is completed.
5. Mine/Plant: Name of your mine or plant.
6. Shift: Check the length of your typical shift.
7. Brief Description of Your Job: Provide a list of the main tasks you do for your job. Also list the number of 
hours/shift you spend doing each task and any equipment or tools you use. For example:
Main Tasks Number of Hours Tools/Equipment Used
Operate dozer 4 hours CAT D10
Repair truck brakes 3 hours pneumatic wrench
Risk Factors: Read each description of the risk factors while thinking about all the tasks you do that are a part of your 
job. Mark the choice that best applies to your job with a 9  or X. If you do not perform the risk factor described, mark 
“Never.” If you do the risk factor described periodically (once/week or once/month), then mark “Occasionally.”
Some risk factors ask for additional information. Please write your response in the space provided.
On the last page of the checklist, list two tasks that you do for your job that you believe are the most physically 
demanding. Physically demanding means a lot of effort is required to do the task, or it involves one or more of the risk 
factors listed in this checklist.
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General Risk Factor Exposure Checklist ID
Job / Position ____
Team / Department 




Brief Description of Your Job
Main Tasks Number of Hours Tools/Equipment Used
Heavy or Frequent Lifting / Lowering / Shoveling
Lifting or lowering object weighing more than 75 pounds:
 Never  Occasionally
 less than one time per day
 one or more times per day
Lifting or lowering object weighing 55 to 75 pounds:
 Never  Occasionally
 less than 10 times per day
 more than 10 times per day
Back / Shoulders
Lifting or lowering object weighing more than 25 pounds:
 Never  Occasionally
  less than 25 times per day
  more than 25 times per day
Back / Shoulders
Lifting or lowering object weighing more than 10 pounds:
 Never  Occasionally
 less than 2 hours total per day
 more than 2 hours total per day
Back / Shoulders
Shoveling:
 Never  Occasionally
 less than 1 hour total per day
 from 1 to 2 hours total per day
 more than 2 hours total per day
What material do you shovel?___________




Working with the hand(s) above the head or the elbow(s) 
above the shoulders:
Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Shoulders
30°
Working with the neck bent more than 30 degrees (without 
support):
Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 





Working with a bent wrist(s) -  flexion, extension or 
deviation: Indicate Posture
 Never  Occasionally __________
 for less than 2 hours per day __________
 from 2 to 4 hours total per day __________
 more than 4 hours total per day __________
Wrists / Arms
Working with the back bent more than 30 degrees (without 
support):
Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Back
Squatting: Knees
_ Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Kneeling:
_ Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
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High Hand Force - Pinch Grip
5 .
Pinching an unsupported object:
] /  Never Occasionally 
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
What object do you pick up with a pinch grip?
Elbows / 
Wrists / Hands
Flexion Pinch grip + wrists bent (flexion, extension, or in
deViatl0n):
Never Occasionally
1 M  Extension for less than 2 hours Per day 
hffflti from 2 to 4 hours total per day




High Hand Force - Grasp or Power Grip
4
Grasping an unsupported object(s) weighing 10 or more 
pounds per hand, or grasping with a forceful grip:
Never Occasionally 
for less than 2 hours per day 
from 2 to 4 hours total per day 





Grasping plus wrists bent (flexion, extension, or in 
f  deviation):
30° / / 45o/ ->-'̂  Never Occasionally
----- for less than 2 hours per day
_ , . from 2 to 4 hours total per day Extension J






Repeating the same motion (excluding keying activities) with little or 
no variation every few seconds:
 Never  Occasionally
Shoulders / Wrists / 
Arms
for less than 2 hours per day 
from 2 to 6 hours total per day 
more than 6 hours total per day
Repeating the same motion (excluding keying activities) with little or 
no variation every few seconds plus wrists bent (flexion, extension, or 
in deviation) plus high, forceful exertions with the hands:
 Never  Occasionally
 for less than 2 hours per day
 from 2 to 4 hours total per day
 more than 4 hours total per day
Performing intensive keying (perform only keying with few or no 
breaks):
 Never  Occasionally
Arms / Wrists / 
Shoulders / Neck
for less than 4 hours per day 
from 4 to 7 hours total per day 
more than 7 hours total per day
Performing intensive keying plus wrists bent (flexion, extension, or in 
deviation):
 Never  Occasionally
 for less than 2 hours per day
 from 2 to 4 hours total per day
 more than 4 hours total per day
Vibrating Tools (Hand-Arm Vibration)
Using grinders, sanders, jigsaws, or other handtools that typically have 
moderate vibration levels:
 Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Arms / Wrists / 
Shoulders
Using impact wrenches, chain saws, percussive tools (jackhammers, 
scalers, chipping hammers), or other tools that typically have high 
vibration levels:
 Never  Occasionally
Arms / Wrists / 
Shoulders / Back
for less than 30 minutes total per day 
for more than 30 minutes total per day
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Bouncing or Jarring (Whole-Body Vibration)
List equipment:
Operating mobile equipment:
 Never  Occasionally
 for less than 2 hours per day
 from 2 to 4 hours total per day
 more than 4 hours total per day
I travel over rough roads (circle one):
Never Sometimes Most of the time All of the time
Back / Hips / Legs
Contact or Impact Stress
Contacting hard or sharp objects like work surface edges or narrow tool 
handles, or striking an object with a hammer:
 Never  Occasionally
Shoulders / Elbows / 
Wrists / Arms
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Describe sharp object / hammer
Static Postures
Standing without changing posture:
 Never  Occasionally
Back/ Hips / Legs
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Sitting without changing posture:
 Never  Occasionally
for less than 2 hours per day 
from 2 to 4 hours total per day 
more than 4 hours total per day
Carrying
Carrying objects more than 7 feet - check weight and frequency for most 
difficult carry (check “Never” if you do not carry objects):
OBJECT WEIGHT FREQUENCY
Back / Shoulders / 
Elbows /
Legs
 Less than 20 pounds  Occasionally
 21 to 35 pounds  Less than 1 carry/minute
 36 to 50 pounds __ 1-2 carries/minute
 More than 50 pounds __ 3-6 carries/minute




Pushing against an object, such as a cart or handle, with a maximum 
effort (body leaning with bent legs into the push):
 Never  Occasionally
Back / Shoulders / 
Elbows /
Legs
less than 8 times per day 
from 8 to 30 times per day 
more than 30 times per day
Pushing against an object, such as a cart or handle, with a moderate effort 
(body slightly leaning with straight legs into the push, similar to pushing 
a full grocery cart):
 Never  Occasionally
 less than 16 times per day
 from 16 to 50 times per day
 more than 50 times per day
Pulling against an object, such as an electrical cable, fuel hose, cart, or 
handle, with a maximum effort (body leaning with bent legs into the pull): 
 Never  Occasionally
Back / Shoulders / 
Elbows /
Legs
less than 8 times per day 
from 8 to 30 times per day 
more than 30 times per day
Pulling against an object, such as an electrical cable, fuel hose, cart, or 
handle, with a moderate effort (body slightly leaning with straight legs 
into the pull, similar to pulling a full grocery cart):
 Never  Occasionally
 less than 16 times per day
 from 16 to 50 times per day
 more than 50 times per day
Most Difficult or Physically Demanding Tasks
(Please provide a brief description of each task)





How to Score the Risk Factor Exposures
RISK FACTORS SCORE
o  Lifting or lowering object w eighing more than 75 pounds 
o  Lifting or lowering object w eighing more than 55 pounds 
o  Lifting or lowering object w eighing more than 25 pounds
0 never
1 occasionally
2 less than 1 time per day
3 more than 1 time per day
o  Lifting or lowering object w eighing more than 10 pounds 0 never
1 occasionally
2 less than 2 hours total per day
3 more than 2 hours total per day
o  Shoveling more than 5 pounds if done more than 3 times per minute 0 never
1 occasionally
2 less than 1 hour total per day
3 from 1 to 2 hours total per day
4 more than 2 hours total per day
o  W orking w ith the hand(s) above the head or the elbow(s) above the 
shoulders
o  W orking w ith the neck bent more than 30 degrees 
o  W orking w ith bent wrist(s) 
o  W orking w ith the back bent 
o  Squatting 
o  Kneeling
o  Pinching an unsupported object
o  Pinch grip + wrists bent (flexion, extension, or deviation) 
o  Grasping unsupported object(s) w eighing 10 or more pounds per 
hand or grasping w ith a forceful grip 
o  Grasping plus wrists bent (flexion, extension, or deviation) 
o  Repeating the same m otion (excluding keying activities) w ith little 
or no variation every few seconds plus w rists bent (flexion, 
extension, or deviation) plus high, forceful exertions w ith the hands 
o  Perform ing intensive keying plus w rists bent (flexion, extension, or 
deviation)
o  Using grinders, sanders, jigsaw s, or other handtools that typically 
have moderate vibration levels 
o  Operating mobile equipment
o  Contacting hard or sharp objects like w ork surface edges or narrow 
tool handles 
o  Sitting w ithout changing posture 
o  Standing w ithout changing posture
0 never
1 occasionally
2 for less than 2 hours per day
3 from 2 to 4 hours total per day
4 more than 4 hours total per day
o  Repeating the same m otion (excluding keying activities) w ith little 
or no variation every few seconds
0 never
1 occasionally
2 for less than 2 hours per day
3 from 2 to 6 hours total per day
4 M ore than 6 hours total per day
o  Perform intensive keying 0 never
1 occasionally
2 for less than 4 hours per day
3 from 4 to 7 hours total per day
4 more than 7 hours total per day
o  Using impact wrenches, chain saws, percussive tools (jackhammers, 




2 for less than 30 minutes total per day
3 for more than 30 minutes total per day
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o  Pushing against an object, such as a cart or handle, w ith a maximum 
effort (body leaning w ith bent legs into the push) 
o  Pulling against an object, such as a cart or handle, w ith a maximum 
effort (body leaning w ith bent legs into the pull)
0 if not checked
1 less than 8 tim es per day
2 from 8 to 30 tim es per day
3 more than 30 tim es per day
o  Pushing against an object, such as a cart or handle, w ith a moderate 
effort (body slightly leaning w ith straight legs into the push, sim ilar 
to pushing a full grocery cart) 
o  Pulling against an object, such as a cart or handle, w ith a moderate 
effort (body slightly leaning w ith straight legs into the pull, sim ilar 
to pulling a full grocery cart)
0 never
1 occasionally
2 less than 16 tim es per day
3 from 16 to 50 tim es per day
4 more than 50 tim es per day
o  Carrying objects more than 7 feet 0 never
1 less than 35 pounds
2 21 to 35 pounds
3 36 to 50 pounds
4 more than 50 pounds
1 occasionally
2 less than 1 carry/m inute
3 1-2 carries/minute
4 3 -6  carries/minute
5 more than 6 carries/minute
Total score for each employee = Sum of scores for each risk factor
NOTE: This checklist was based on the Washington State Caution and Hazard Zone Checklists 
and the Followup Physical Risk Factor Checklist, but modified to be more applicable to mining 
and to be completed by employees. This checklist has not been statistically validated and should 





To identify risk factor exposures and subsequent actions to reduce or eliminate 
exposures.
When to Use It
This tool can be used to collect exposure information when observing work tasks as part 
of a risk assessment. It can also be used when observing tasks as part of a BBS process. Because 
many risk factor exposures result from inadequately designed equipment, tools, and work 
stations and not from an unsafe behavior, it is important to capture information that will allow 
action to be taken to correct the root cause of the exposure.
How to Use It
This form can be used to track information about risk factor exposures. It can be used 
specifically to track the type of risk factor exposures, the occurrence of body discomfort, and the 
root cause of the exposure. This form can also be used to document simple improvements taken 
to reduce or eliminate the exposures. Because the form also asks the observer to rate the level of 
risk he or she believes is associated with the risk factor exposure, it can be used as a very basic 
prioritization method. For example, exposures rated with “very high risk” would have a higher 
priority for an intervention than those rated with “low risk.”
How to Complete the Tool 
Mine: List name of mine.
Location: List geographic location of mine (name of nearest town/city). 
Team/Department: List name of team or department that is the subject of the observation. 
Task: Briefly describe the task being observed.
Time: Indicate the time of the observation.
Date: Indicate the date of the observation.
# Observed: Indicate the number of employees being observed.
25
Observer: Indicate the name of the person doing the observation.
1. Indicate the risk factor exposure(s) observed by marking the box next to the risk factor.
If the risk factor is not listed, check the “Other” box and briefly describe the risk factor 
exposure.
2. Indicate how often the task is performed to determine the frequency of the exposure. 
Determine if the task is done on a regular basis or seasonally. For tasks that are done on a 
regular basis:
o Indicate the number of times a task is done per shift. For example, if the task is 
done six times during a shift, complete this question as “6 times/shift.” 
o Indicate how many shifts this task is performed per week, month, or year.
• If the task is done every week, indicate the number of shifts the task is 
performed per week.
• If the task is not done every week, but is done every month, then 
indicate the number of shifts per month the task is performed. For 
example, if the task is done seven shifts per month, then complete this 
question as “7 shifts/month.”
• If the task is not done every month, then indicate the number of shifts 
per year the task is performed. For example, if the task is done 15 shifts 
per year, then complete this question as “15 shifts/year.”
For tasks that are performed on a seasonal basis:
o Check the box to indicate that the task is seasonal, and then record the number of 
weeks per year the task is performed. 
o Indicate the number of times a task is done per shift. For example, if the task is 
done 12 times during a shift, complete this question as “12 times/shift.” 
o Indicate the number of shifts the task is performed per week. For example, if the 
task is done three shifts during a week, complete this question as “3 shifts/week.”
3. Indicate if the employee being observed is experiencing any discomfort, and then mark 
the body part with discomfort by placing an “X” on the body part in the diagram. This 
information will not only identify the development of potential MSDs, but can help focus 
job improvements.
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4. Check the root cause of the risk factor (why the risk factor is occurring), and give a brief 
description of the root cause. Identifying the root cause can provide direction on how to 
change the task to reduce the risk factor exposures. For example:
o If the employee is required to lift an object weighing 90 pounds, then check
“effort or strength required” as the root cause, and then briefly describe it -  “lifted 
object weighs 90 pounds.” 
o If the task is repeated throughout the shift, such as operating a loader, then check 
“cycle time” as the root cause, and then describe it -  “time to fill and dump one 
bucket is 20 seconds”; and also check “duration of task” as another root cause, 
and then describe it -  “loader is operated for 7 hours per shift.”
5. Rate the degree of risk of the exposure as either “none,” “low,” “medium,” “high,” or 
“very high.” This rating is based on understanding the level of exposure, how often the 
exposure occurs, and the duration of the exposure. For example, if the exposure is from 
lifting an object weighing 30 pounds once a week, then the risk would be rated as “low.” 
If the exposure is from lifting an object weighing 100 pounds once a week, then the risk 
would be rated as “high.” The conditions provided in Section I under “Basic Elements of 
Ergonomics Risk Management Processes” can be used as a guide for ranking the task. If 
any of the conditions are present, the task would be rated as either “medium,” “high,” or 
“very high” risk. (This risk ranking is only meant as a very crude attempt to set a 
prioritization when several exposures may need to be addressed and limited resources are 
available to address the exposures.)
6. Indicate if there is another way to do the task that would reduce or eliminate the exposure 
and describe how the task can be changed. This question provides the observer with an 
opportunity to obtain ideas from the worker about ways to change the task.
7. Indicate if the exposure was reduced or eliminated at the time of the observation.
8. Provide any pertinent comments related to the exposure, discomfort, or ways to control 
the exposure.
9. Indicate any of the suggested job improvements that were discussed or tried at the time of 




Mine:_____________  Location:________  Team:________________  Task:
Time: Date: # Observed: Observer:
1. Check all the risk factors that you observe.
□ forceful exertion □ repetition □ static posture □ awkward postures □ contact stress
□ pressure points □ vibration □ other____________________________
2. How often is this task performed? 





3. Does employee experience any discomfort when doing this task? Yes No 
If yes, what body parts have discomfort? (Place X on body part)
4. What is causing the risk factors? Check (V) root cause (s) and give brief description.
CHECK ROOT CAUSE BRIEF DESCRIPTION
Effort or strength required
Location of parts, equipment or tools
Position of parts, equipment or tools (How the part 
is positioned in reference to the worker)
Design of parts, equipment or tools
Frequency of task (how often is task done)
Duration of task (how long it takes to do task)
Productivity levels
Method used / required to do the task
Training not adequate / need training
PPE not available / wrong PPE used
Environment -  heat, cold, restricted space, etc.
Other
5. Rate the degree of risk factor exposures for the observed task: None Low Medium High Very High 
COMPLETE ONLY IF EXPOSURES ARE RATED MEDIUM, HIGH or VERY HIGH
6. Is there another way to do this task that eliminates/reduces the risk factor(s)? Yes No
If yes, describe how the task can be changed: ___________________________________________________
7. Was the risk factor exposure resolved at the time of the observation? Yes No
8. Comments: _______________________________________________________________________________
9. Indicate options discussed by checking the box next to the solutions shown below and on back side of page.
Personal Protective Equipment
□ Anti-vibration gloves -  reduce vibration transmission
□ Knee pads -  reduce pressure points
□ Shoe inserts -  reduce foot discomfort and fatigue
□ Cooling devices -  reduce body temperature increases




□ Work pace and duration
□ Work-rest cycles
□ Training
□ Shift schedule / overtime
□ Exercise / stretches
MMH (Lifting) -  Think Smart
□ Plan activity
□ Keep loads clos 
body
□ Use lifting as
□ A sk for assista 
Balance load/Stronger person on 
bottom/Talk
□ One-handed lift /  carry 
Avoid/Use other hand as 
counterbalance/Alternate Hands
□ Avoid bending at the w aist to lift 
objects




Use push instead o f pull 
Keep elbows near 90o 




Avoid manual handling 
Use mechanical aids (hand trucks/carts) 
Use carts w ith large casters 
M odify workplace 
Store heavy items between knees & 
shoulders - Avoid placing on floor 
Store light items on top shelf 
Decrease object/container size 
D ecrease object/container 
weight
Change container shape 
Add handles




□ Slides & rollers
□ Mechanical aids
□ Gravity to move
Use power tools 




□ Power grip -  not pinch grip
Reducing Fatigue
□ Use arm rests and other types o f supports
□ Use fixtures
□ Add straps, handles, handholds
□ Use power tools (light-weight)
□ Reduce carry distances
□ Reduce pushes /  pulls









□ Work at elbow height
□ Use bent handle tools
Good Standing Posture
□ N eck straight
□ Shoulders relaxed
□ Elbows at side
□ Keep wrists in 
same plane as 
forearm
□ Keep elbows 
below the 
shoulders
□ M aintain the S-curve o f the back
Good Sitting Posture
Operate controls w ithout 
reaching, bending, or 
tw isting your wrists or 
body
Seat back - 90° to 125°
2” clearance between 
knees and front o f seat 
cushion
Seat height 2 inches below knees when 
standing
Relax shoulders and upper arms - position 
perpendicular to floor 
Keep arms and elbows close to body 
Position thighs parallel to the floor 
Position lower legs perpendicular to floor 
Rest feet firmly on floor or use footrest
Minimize Pressure Points/Contact
Sress
□ Use tools w ith curved handles that 
follow contour o f hand







□ Provide good, adjustable lighting
□ Provide task lighting
□ Place w orkstations perpendicular to w indows
□ Provide tem perature controls
□ Provide air conditioned break areas

















To evaluate and compare design features of hand tools.
When to Use It
The Hand Tool Checklist can be used prior to purchasing new hand tools or when 
evaluating hand tools for risk factor exposures.
How to Use It
The Hand Tool Checklist consists of a list of design criteria that are based on ergonomic 
principles. The checklist can be used when selecting new hand tools to ensure that they meet 
these design criteria and they do not result in risk factor exposures, such as pressure points, 
awkward postures, or excessive vibration. Comparisons can be made among new tools to assist 
in deciding which tool to purchase. The checklist can also be used to compare a new tool with an 
old tool to ensure that the new tool meets specific design features important to the task for which 
the tool was selected.
How to Complete the Tool
Evaluation Completed By: Add name of person completing the evaluation.
Date: Date evaluation conducted.
Task: Describe task that will be completed with tool being evaluated.
Tool 1 (Describe): Provide name of tool being evaluated.
Manufacturer: Indicate the manufacturer of the tool.
Model: Indicate the model number/name of tool.
Tool 2 (Describe): If more than one tool is being evaluated, provide name of second 
tool.
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Manufacturer: Indicate the manufacturer of the second tool being evaluated.
Model: Indicate the model number/name of second tool being evaluated.
Questions: For each tool being evaluated, check “Yes” if the tool has or meets the 
design criteria described, check “No” if the tool does not have or meet the design criteria 
described, or check “NA” if the design criteria does not apply to the tool being evaluated. 
Totals: Indicate the number of “Yes,” “No,” and “NA” responses for each tool. These 
numbers provide a quick look at how many design criteria are met by each tool.
Other Features: Indicate any other positive feature of the tool that was not included in 
the questions.
NOTE: The Hand Tool Checklist is based on a checklist published in the OSHA Draft Proposed 
Ergonomic Protection Standard, Addendum B-1, Assessment of and Solutions to Worksite Risk 
Factors, March 20, 1995. The checklist has been formatted to allow for a comparison among 
tools. The checklist is not meant to be inclusive of all design features, but to highlight major 
design features. While a “Yes” answer indicates a more ergonomic design, you will have to 
consider the function of the tool and the task it is being used to complete to determine if one of 
these features is more or less important.
An additional resource is Easy Ergonomics: A Guide to Selecting Non-Powered Hand Tools 
[NIOSH and Cal/OSHA 2004].
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Hand Tool Checklist
Evaluation Completed By 
Task__________________
Date






Questions Tool 1 Tool 2
Does the tool:
Reduce exposure to localized vibration? □ Yes □ No □ NA □ Yes □ No □ NA
Reduce hand forces? □ Yes □ No □ NA □ Yes □ No □ NA
Reduce/eliminate bending or awkward postures of the wrist? □ Yes □ No □ NA □ Yes □ No □ NA
Avoid pinch grips? □ Yes □ No □ NA □ Yes □ No □ NA
Is tool evenly balanced? □ Yes □ No □ NA □ Yes □ No □ NA
Does tool grip/handle prevent slipping during use? □ Yes □ No □ NA □ Yes □ No □ NA
Is tool equipped with handle that:
Does not end in palm?
Is made of textured, nonconductive material?
Has a grip diameter suitable for most workers (or are different 
sized handles available)?
Is made of padded or semipliable material?
Is free of ridges, flutes, or sharp edges?
Can tool be used safely with gloves?
Can tool be used by either hand?
Can trigger be operated by more than one finger to avoid fatigue?
Does tool minimize twist or shock to hand?
(In particular, observe reaction of power tools due to torque.)
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
□ Yes □ No □ NA □ Yes □ No □ NA
Total the number of Yes, No, and NA responses Yes No NA Yes No NA
Are there any other positive features for each tool not listed above? 
Tool 1 Tool 2
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TOOL F 
Manual Task Risk Assessment
Purpose
To conduct a risk assessment of risk factor exposures associated with manual tasks.
When to Use It
Use the Manual Task Risk Assessment Form when you are evaluating risk factor 
exposures and would like to have a risk ranking that can be used to prioritize interventions, 
demonstrating reduction in exposures, or to focus on body parts most affected by the exposures.
How to Use It
This form can be used to evaluate risk factor exposures associated with manual tasks to 
rank the risk factor exposures and determine affected body parts. This information can then be 
used to target specific interventions and to prioritize tasks for interventions. The information can 
also be used to promote the success of interventions (see the Ergonomic Task Improvement Form).
How to Complete the Tool
Task: Describe the manual task being evaluated.
Date: Date evaluation is being conducted.
Assessed by: Name of person conducting the evaluation.
In consultation with: Name of person assisting with the evaluation.
Comments: Describe the task in detail, including:
• Why the task is being assessed, such as to investigate an injury report or discomfort 
report, evaluate productivity issues, conduct baseline assessment, etc.
• Tools -  powered or nonpowered tools (include manufacturer, model, size, etc.)
• Equipment -  mining equipment, lifting assist devices, transportation equipment, etc.
• Materials -  any materials needed to complete the task such as equipment parts, 
building materials, supplies, etc.
• Overall process that includes the task being assessed.
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Exposure Risk Assessment:
• Identify all primary risk factor exposures, and circle the descriptions that are most 
applicable.
• Circle the duration description that is most applicable to the task.
• Circle the repetition description that is most applicable to the task.
• Check any other secondary risk factors present that are listed in the box on the right
side of the page.
• Determine the risk assessment score by adding the numbers listed above the circled 
boxes. If additional risk factors are present, add a plus sign (+) to the score for each 
secondary risk factor exposure.
Example:
A miner drives a haul truck for a 10-hour shift. The road is rough, and the miner 
experiences periodic jolting and jarring. The miner has a 30-minute lunch and two 
15-minute breaks. Because of productivity requirements, the miner has 10 minutes to
load, haul, and dump the product and then return for another load.
1. The risk factor exposure is whole-body vibration. Because jolting and jarring 
occurs, circle the box “high amplitude whole-body vibration” (score = 4).
2. Because the exposure occurs throughout the shift, circle “performed continuously 
for majority of shift” (score = 8).
3. Because of time pressure from productivity requirements, check “High time 
pressure.” Also check “Lack of opportunities for social interaction,” because the 
miner is isolated in the haul truck for most of the shift (score = ++).
4. Total score = 12++
Body Part Injury Risk: Using the risk assessment conducted in the previous section of 
the form, transfer the scores to the body regions affected by the risk factor exposures. 
Once the scores have been transferred, add up the individual scores to obtain the total 
score for each body region. If you have scores for more than one body region, then the 
body region with the highest total score would be the focus of the intervention.
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Controls: This section of the form can be used to document controls that may be 
implemented to reduce or eliminate the risk factor exposures. Potential interventions can 
be identified during discussions or brainstorming sessions with miners, engineers, 
supervisors, etc.
NOTE: The Manual Task Risk Assessment tool was developed by Robin Burgess­
Limerick, Ph.D., CPE (University of Queensland, Australia). A software version is 
available by contacting him at: robin@burgess-limerick.com
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(Reason Assessed; Tools, Equipment, M aterials, Processes involved, etc.)
Manual task: Any activity requiring the worker to grasp, manipulate, strike, throw, carry, move, hold, or restrain an object, load, or body part.
Assess the degree of exposure to each primary risk factor for each body region using the table below. Determine 
whether any of the additional risk factors listed are present. For purposes of priority setting, a risk ranking may be









Exertion Low force and speed M oderate forces or speed, but 
well w ith in capability
High force or speed, but 
not close to m axim al
Forces or speeds close to 
the person 's m axim um
Duration Perform ed in frequently 
for short periods
Perform ed regularly, but w ith 
m any breaks or changes of task
Perform ed frequently, 
w ithou t m any breaks or 
changes of task
Perform ed continuously for 
m ost o f shift
Repetition D ynam ic and varied 
patterns o f m ovem ent
Little or no m ovem ent, or 
repeated sim ilar m ovem ents
Repeated identical 
m ovem ents □  Hot or cold environment
□  High stress environment
□  High time pressure
□  Lack of control over work
□  Cognitive over/under load
□  Lack of opportunities for 
social interaction
Posture C om fortab le  postures, 
w ith in  a norm al range 
about neutral
U ncom fortab le  postures, but not 
involving postures at the extrem e 
of the range o f m otion
Postures at the extrem e of 
the  range of m otion
Vibration No hand-arm  or w hole- 
body v ib ra tion
M oderate-am plitude hand-arm  
v ibra tion  or w ho le -body vibration
H igh-am plitude hand-arm  
v ibra tion  or w ho le-body 
vibra tion
Determine the body region(s) that may be at risk of injury. (Alternatively, assess the task for each of the following 
regions: lower limbs; lower back; neck/shoulders and upper back; elbows, wrists, and hands.)________________
Body Region Exertion Duration Repetition Posture Vibration Total Risk Score
Neck, Shoulders, and Upper Back
Elbows, Wrists, and Hands
Lower Back
Legs, Knees, and Feet
Engineering Controls Administrative Controls Personal Protective Equipment
TOOL G 
Ergonomic Task Improvement Form
Purpose
To provide an effective method to highlight interventions implemented to reduce or 
eliminate risk factor exposures.
When to Use It
Use the Ergonomic Task Improvement Form after an intervention has been implemented.
How to Use It
This form can be use to compare how a task was done before and after an intervention 
was implemented to demonstrate the reduction of the risk factor exposures. Forms can be posted 
on bulletin boards or the company Intranet. If similar operations are conducted at multiple sites, 
the form can be used to provide ideas for interventions at other sites. An example of a completed 
form is shown below.
How to Complete the Tool
Name of Manual Task: Add name of task in the title (in the example below, “Moving 
Electromagnetic”).
Division: Add name of division.
Mine: Add name of mine.
Department: Add name of department.
Task Description: Briefly describe the task, including information pertinent to the risk 
factor exposures.
Equipment/Tools Used in Task: List the specific equipment and tools involved. 
Frequency of Task: Indicate how many times the task is done.
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Number of Workers Affected: Indicate the number of workers who perform this task. 
Employee Concerns: Describe the number and type of injuries, or the presence of body 
discomfort reported by employees associated with doing this task.
Risk Assessment: Complete the table based on risk assessment results.
Objective of Control Measure: Indicate how the risk factor exposures will be reduced 
or eliminated.
Description of Control: Briefly describe the controls used to reduce or eliminate the 
risk factor exposures. Include model number if applicable.
Manufacturer/Contact Information: Provide the source of the control measure, 
including contact information (phone and/or e-mail address).
Cost: Provide cost information for the control. If the control was constructed in-house, 
provide an estimate of materials and labor costs.
Effect of Control on Productivity: Indicate if the control resulted in either an increase 
or decrease in productivity.
Effect of Control on Injury Risk: Indicate if the control is expected to impact injury 
risk.
Risk Assessment: Repeat the risk assessment after the implementation of the control. 
Further Actions / Administrative Controls Required: Include information on actions 
that will be needed as a result of implementing the control, such as maintenance, 
inspections, reports, schedule changes, etc.
NOTE: If possible, include photographs to show how the task was done before and after 
implementing the control, and include the worker in the photographs. Follow the same 










Ergonomic Task Improvement 
Task: Moving Electromagnet
MINE DEPARTMENT
TASK DESCRIPTION: The electromagnet is manually pulled to the scrap bin by pulling down on 
a chain over a pulley. The magnet is heavy, and maximum effort is required. The worker reaches 
to his maximum height to grasp the chain and pull down using his entire body weight.
EQUIPMENT/TOOLS USED IN TASK: Electromagnet
FREQUENCY OF TASK: Daily NUMBER OF WORKERS AFFECTED: 5
ROOT CAUSES OF RISK FACTORS: The mass of the magnet requires very high force to move.







Body Region Exertion Duration Repetition Posture Vibration RISK RANK
Upper Body:
Neck, Shoulders, & Upper Back 8 1 4 4 1 18
Upper Limb:
Elbow, Wrist, Arm, and Hand 8 1 4 1 1 15
Lower Back 2 1 2 1 1 7
Lower Limb: 
Leg, Knee, and Foot 2 1 1 1 1 6
5-10 = Low Risk 11-15 = Medium Risk 16-24 = High Risk
OBJECTIVE OF CONTROL MEASURE: Substitute the manual effort with a winch that pulls the magnet 
into place above the scrap bin.
DESCRIPTION OF CONTROL (tool, equipment, or work station changes/purchases):
Electric winch purchased and installed by contractor.
MANUFACTURER/CONTACT INFO: Acme winches 
COST: $5,000
EFFECT OF CONTROL ON PRODUCTIVITY: Winch is considerably faster.
EFFECT OF CONTROL ON INJURY RISKS: Risk of injury eliminated.
Body Region Exertion Duration Repetition Posture Vibration RISK RANK
Upper Body:
Neck, Shoulders, & Upper Back 1 1 4 4 1 6
Upper Limb:
Elbow, Wrist, Arm, and Hand 1 1 1 1 1 5
Lower Back 1 1 1 1 1 5
Lower Limb: 
Leg, Knee, and Foot 1 1 2 1 1 6
FURTHER ACTIONS/ADMINISTRATIVE CONTROLS REQUIRED: Winch maintenance needs to 





The risk factor cards were designed for use as a guide to identify risk factor exposures 
and to suggest some simple job improvements.
When to Use It
Examples of the cards are shown in Figure 10. The primary use of the cards is as a 
handout following training on risk factor exposures. The cards serve as a reminder to employees 
to identify and report risk factor exposures associated with their jobs. The cards are slightly 
larger than a credit card, and can be easily carried in the pocket. Information is printed on both 
sides of the cards. For cards highlighting risk factors, examples of risk factor exposures are 
provided on the front of the card, with potential solutions to the risk factors provided on the 
reverse.
Because electronic versions of the cards are provided, poster-sized versions can be made 
and placed at locations where employees would have an opportunity to view them, such as a 
break room or locker room. Posters can be displayed in conjunction with toolbox or refresher 
training addressing risk factor exposures. The cards can also be used by trainers as a handout 
during training sessions to reinforce information presented during the training. The cards can be 
either laminated or printed on plastic sheets to improve durability.
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Targeting Risk Factors
E n h an c in g  S a fe ty  
T h ro u g h  E rg o n o m ics
D efin ition  o f R isk  F a c to rs : A c tio n s  or con d itio n s  
fo un d  to  c o n tr ib u te  to  w o rk e r  d isco m fo rt or 
d e v e lo p m e n t o f M u scu lo ske le ta l D iso rde rs
MAIN RISK FACTORS
• A w k w ard  P o s tu re
• F o rce fu l E x e rtio n
• R e p e tit iv e  M otion
• V ib ra tio n
Watch Out for Risk Factors! 
Risk for injury increases when 
multiple risk factors are present.
Awkward Posture 
Shoulder
E xtre m e re a ch in g  in c re a se s  th e  s tre ss  acting  
on m u sc le s  and te n d o n s  p o s s ib ly  le a d in g  to 
in fla m m a tio n . In fla m m a tio n  ca n  in c re a s e  th e  
p re ssu re  on n e rves  and b lo od  vesse ls  
ca u s in g  p a in  and re d u c in g  b lo od  f lo w  to  
m usc le s .
R e a c h in g  o v e rh e a d
co m p re sse s  th e  ne rves 
and re d u ce s  s tre n g th
R e a c h in g  fo rw ard
red u ce s  th e  s tre n g th  of 
th e  s h o u ld e r and m ay 
re su lt in  b a ck  f lex io n
R e a c h in g  b a c k w a rd
cau ses  h yp e re x te n s io n  of 
th e  s h o u ld e r
■ P lace w o rke r on p la tfo rm , in a tro u g h  or 
sun ken flo o r  so  w ork ing  ta rg e ts  a re  near 
e lb ow  he igh t
■ P rov id e  va riab le  he igh t w o rks ta tio n s  to  
a cco m m o da te  w o rke rs  o f d iffe re n t s ta tu re
■ P lace ex tra  s te p  on bo ttom  o f access 
lad de rs  to  m in im ize  sho u ld e r reach ing  
w hen ge ttin g  on eq u ip m e nt
■ E lim in a te  ba rrie rs  th a t p re ven t ge tting  c lose  
to  ta rg e t, i.e. m a ke  c u to u t in w orksta tion
■ A vo id  s to rin g  m a te ria ls  a b o ve  sho u ld e r 
he igh t to  re d u ce  ove rhe ad  rea ch ing
■ U se a too l to  re tr ie ve  ha rd  to  reach item s
■ M in im ize  rea ch ing , s tay ing  w ith in  th e  
no rm a l rea ch  e n ve lo pe  (g ra y  reg ion)
Awkward shoulder postures often are 
accompanied by awkward back and 
neck postures!
Adjust work areas horizontally and 
vertically!
Neutral Posture
Hand/ Wrist, Neck, Shoulders, Back Seating
M u sc le s  a re  c a p a b le  o f p ro d u c in g  m a x im um  
fo rc e  a t n e u tra l p o s tu re . A s  p o s tu re  de v ia te s  
fro m  n e u tra l, s tre n g th  d e c re a s e s .
H a n d s , w r i s t s  an d  fo r e a rm s  
a re  s tra ig h t, in - lin e  an d  pa ra lle l 
to  th e  flo o r
H e a d  is  leve l or b e n t s lig h tly  
fo rw a rd , fa c in g  fo rw a rd , an d  
b a la n c e d  in  l in e  w ith  to rs o  
S h o u ld e r s  a re  h e ld  b a ck  
s lig h tly  an d  re la x e d  w ith  th e  
up p e r a rm s  h a n g in g  a t th e  
s id e  o f th e  b o d y  
W h e n  s ta n d in g , b a c k  h a s  a 
sm a ll h o llo w  in  th e  lo w e r ba ck, 
b re a s tb o n e  is lifte d  and 
bu tto c k s  a re  s lig h tly  tu c k e d  in  
W h e n  s ittin g , b a c k  is  fu lly  
s u p p o rte d  an d  b re a s tb o n e  is 
lifted
P ro p e r se a tin g  is  v ita l to  m a in ta in in g  ne utra l 
s ittin g  p o s tu re . It is  n e c e s s a ry  to  adj u s t th e  
se a t to  p ro p e rly  fit  y o u r  body.
Adj u s tm e n ts  s h o u ld  be  m a d e  so:
■ T h e  s e a t pa n  h e ig h t is  a t k n e e  leve l w he n  
s ta n d in g
■ T h e re  is  a 2 -3  f in g e r-w id th  ga p  b e tw e e n  th e  
se a t pa n  an d  th e  b a c k  o f th e  leg
■ T h e  b a c k re s t c re a te s  a 9 0 ° -1 05° a n g le  w ith  
th e  sea t
Good posture comes with practice. 
Examine your posture often and 
correct it when necessary!
Adjustability is key to improving 
comfort and permitting neutral 
posture!
Figure 10.—Examples of risk factor cards. (The front of each card is shown 





The stickers are meant to reinforce the application of ergonomics to improve mining jobs. 
When to Use It
The sticker, shown in Figure 11, is primarily intended as a handout following training on 
risk factor exposures. It serves as a reminder to participate in the ergonomics process by 
identifying and reporting risk factor exposures associated with jobs. The sticker can be placed on 
hardhats, lunch boxes, locker doors, etc. It can also be used as an incentive to encourage 
employees to report risk factor exposures. Employees would receive a sticker after reporting a 
potential exposure.
The sticker can be modified to make it specific to a particular company. Figure 12 shows 
the sticker as modified by Bridger Coal Co. (name of company added to sticker) and Vulcan 
Materials Co. (colors changed to company colors).






r r i  •  •Training 
Introduction
According to Cohen et al. [1997], training is one of seven critical elements of the 
pathway to controlling MSDs. Training is important because it ensures a basic level of 
knowledge necessary for individuals to effectively fulfill their role as participants in an 
ergonomics process. As with any safety and health training, it is important to address 
training needs at multiple levels and functions, as shown in Table 13. This table includes 
suggested training topics specific to the different groups typically involved with 
implementing an ergonomics process.
Although basic ergonomics training is commercially available, it may not 
necessarily address tasks specific to mining or consider some of the challenges in 
controlling risk factor exposures, such as the dynamic nature of mining tasks, harsh 
environmental conditions, and restricted work spaces. To assist mining companies with 
providing training to employees, NIOSH developed a train-the-trainer package.
A description of this training (Ergonomics and Risk Factor Awareness Training for 
Miners) is included in this section and is available as a separate NIOSH publication 
(DHHS (NIOSH) Publication No. 2008-111, Information Circular (IC) 9497). Training 
to inform management about the benefits of an ergonomics process was also developed 
by NIOSH. A description of this training and the actual presentation are included in this 
section. Training for BBS observers is discussed in this section as well. The content for 
this training should be specific to the mine site, so only an outline and method of 
conducting this training are provided. The employee training package and the 
management training are available on the NIOSH Mining Web site 
(www.cdc.gov/niosh/mining) .
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Management X X X
Supervisors X X X X X X




X X X X X X X X
Engineering X X X
Purchasing X X X
Medical X X X
Safety and 
Health X X X X X X X
BBS
observers X X X
Ergonomics and Mining: Ensuring a Safer Workplace -  
Training for Management
When implementing an ergonomics process, several basic elements have been 
identified in order for the process to be successful. One of these elements is management 
support. This support determines the goals, resource levels, communication levels, and 
process evaluations for continuous improvement. When management support is 
observable, it denotes the importance of the process to the organization and its 
employees. Because management may not know how ergonomics can be applied within 
the organization and how it can be beneficial, it is often necessary to provide this 
information to obtain their buy-in for the ergonomics process.
Objectives
The objectives are to provide management with an understanding of how 
ergonomics processes can add value to the organization (primarily by reducing MSDs) 
and to obtain their support for implementing a process.
Content/Topics
This training is designed as an initial step to obtain management support for 
implementing an ergonomics process. The training should be given by safety and health 
managers or other personnel responsible for ergonomics. The training is a Microsoft 
Powerpoint file and can be modified to include information specific to your company. 
This file does not include any background or slide design formatting, so it can be 
modified easily to suit your particular needs. It takes approximately 90 minutes to 
present; however, the training can be shortened. Four examples of successful programs 
are included in the training; one or two of these examples could be omitted if the 
presentation time needs to be reduced. Notes are also provided to assist in presenting 
each slide.
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The training addresses the following topics:
• What is Ergonomics?
• Costs of MSD Injuries
• Ergonomics as a Solution
• Successful Programs at Other Companies
• Goals and Next Steps -  This topic can be used to explain the short- and long-term 
goals, what is needed to implement the ergonomics process, and how the 
implementation will be accomplished.
This training is on the CD included with this document and is also downloadable 
from the NIOSH Mining Web site (www.cdc.gov/niosh/mining) .
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(Provide an explanation of why this presentation is 
being given to your management. Additional slides 
highlighting specific problems associated with 
exposures to MSD risk factors within your 
organization can be added to this presentation.)
Presentation Outline
• What is Ergonomics?
• Costs of MSD Injuries
• Ergonomics as a Solution
• Successful Programs at Other Companies
• Next steps -  Where we are headed
You can see here that the way equipment is 
designed does not always consider the worker 
using it. Workers are often put in situations where 
their tools and equipment are designed so that they 
must get into awkward positions (reaching and 
stooping) in order to operate the equipment.
Som e d es igners  must 




Ergonomics - What is it?
Ergonomics and Mining: 




Scientific study of human work.
Considers physical and mental 
capabilities of workers as they interact 
with tools, equipment, work methods, 
tasks, and working environment.
Goal -  to reduce work-related injuries by 
adapting work to fit people instead of 
forcing people to adapt to work.
The idea behind ergonomics is to adapt the 
workplace to fit the workers. To do this, we need to 
use what we know about the limitations and 
capabilities of people. Then we need to make sure 
the work does not require people to work outside of 
these capabilities or stretch them beyond their limits. 
When the work is too much, we need to change the 
work station, the tools and equipment people use, or 
the way that people do their jobs.
Costs of Musculoskeletal Disorders
National Academy of Sciences Study
• 1 million workers miss time from job each 
year
- Upper-extremity and low back disorders
• $50 billion in direct costs
• $1 trillion if you include indirect costs
-  10%  U.S. G ross D om estic Product
-  Reduced productiv ity, loss of custom ers due to errors 
m ade by rep lacem ent w orkers, and regulatory 
com pliance
When work requirements exceed the limitations and 
capabilities of workers, injuries occur. For instance, 
each year 1 million workers miss time from their 
jobs because of MSDs. This costs over $1 trillion 
when both direct and indirect costs are considered.
(Source: National Research Council [1999])
Costs of Musculoskeletal Disorders
M edian num ber o f lost 
w o rk  days
-  5 days fo r all workers
-  25 days fo r workers  
with  MSDs
A verage cost per in jury (UE)
-  $824 fo r all other cases
-  $8,070 fo r an MSD
M SD s tend  to  have
-  Longer durations
-  Longer treatm ent tim e
-  G reater w ork  disability
These statistics give you an idea of the breakdown of 
MSD costs during the 1990s. In general, MSDs 
result in more lost days and cost 10 times more than 
other types of injuries. MSDs result in longer 
duration, longer treatment times, and greater 
disability. Because of the aging workforce, these 
costs are expected to get worse.
Sources:
Days lost data: U.S. Bureau of Labor Statistics 
[1998].
Cost data: Webster and Snook [1994].
MSD info (1993-1994): Feuerstein et al. [1998].
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MSDs in Mining














-  33%  handling m aterials
-  16%  slip/fall
-  16%  fall o f ground
-  12%  pow ered haulage
-  10%  m achinery
While MSDs have been a problem in mining for a 
long time, they have not been at the forefront, 
partially because they are not regulated. Unlike dust, 
noise, and diesel issues, MSDs are not regulated by 
standards. Consequently, they are not the first priority 
at most mines.
However, MSDs account for over 40% of injuries and 
illnesses, significantly affecting the bottom line of 
companies either directly or indirectly. For that 
reason, it has been possible to gain buy-in from some 
mines to reduce MSDs. More and more mine 
companies realize that this is an issue that is no longer 
optional if they want to significantly reduce their 
injury rates. With the rising costs of health care and 
the difficulty in getting and keeping quality mine 
workers, they want to make changes to the work 
environment to reduce MSDs.
Age and MSDs
Median Age for miner is 42.2 years
40% of all injuries are MSDs for miners age 35-55
Older workers incur approximately 3 times as 
many days lost than younger workers
M edian Days Lost fo r Injuries, 1992-2002
■ ri J
I □  Al Injuries I 
I □  MSIs I
16-19 20-24 25-34 35-44 45-54 55-64 65+ yrs
yrs yrs ys ys ys yrs
Age Categories
A ge is assoc ia ted  w ith  h igher ra tes  o f M SDs
Compounding the problem of MSDs is the issue of 
the aging workforce and the effect of MSDs on this 
workforce. The median age for miners is 42.2 years. 
For miners between 35 and 55 years old, 40% of all 
injuries are MSDs. In addition, older workers incur 
three times the number of days lost compared to 
younger workers.
PREVENTION: to invest, or NOT to invest. 
40 Lost Workday Mishaps in 1993
P R E V E N TIO N $ IN VE STED
LO ST W O R K D A Y  
IN JU R IES
S afety  G lasses $ 70,000 3 F/O Eye
S afety  Shoes $120,000 2 Foot
R espirators
(M ed /Trn /M atls )
$124,000
1  C hem ical 
Exposure
E rgonom ics $0 34 S tra ins
S ’
Why don’t we budget to “prevent” the #1 injury category?
This is an example from a Florida Navy facility. Of 
40 lost workday mishaps in 1993, there were 3 eye 
injuries from foreign objects and irritation, 2 foot 
injuries (stepping on a nail and being struck by a 
sledgehammer on the metatarsal), and 1 chemical 
allergy. The facility had invested $314,000 in three 
prevention programs (safety glasses, safety shoes, and 
respirators) to help prevent these types of injuries, 
and they still had six injuries. However, they also 
experienced 34 strains that year and had not invested 
1 cent in ergonomics at that point. The question that 
needs to be answered is: Why did they not budget to 
prevent their No. 1 injury? (Discuss if this same 
situation applies to your organization.)
(Source: Wright B [2002])
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Case Study -  Back Injuries can Be Serious
• Supervisor suffered back injury helping 
worker move sheet metal in Jan '78
-  $1000 m edical costs and no lost tim e
-  Recurrence in '92 cost $18,000
-  S urgery/com p in '93 cost $81,000 and resulted in 
pe rm anent partia l d isab ility  vs . re tirem ent
-  Ind irec t/C hargeback costs $55,000 in '01
This  one 1978 back in jury has cost over $517,000 so far! 
Prognosis: not positive!
Original injury cost does not appear to warrant 
investment . . . until you consider future costs.
This is another example from a Navy facility.
A supervisor suffered a back injury in 1978. At that 
time, the costs were only $1,000 and there was no 
lost time. However, a recurrence in 1992 cost 
$18,000. In 1993, another $81,000 was spent on 
surgery and compensation. By 2004, the costs 
associated with that initial injury had risen to over 
$500,000. If that initial injury had been prevented, 
the cost savings would have been significant to the 
organization.
Costs are real (extended) FECA WMSD costs. 
(Source: Wright B [2002])
Prevention PROACTIVE Early Intervention
Complex Problem
-  Do not know  a lot about M SDs and how they occur
-  Do not know  w hy som e individuals are more 
susceptib le than others
-  Do not know  w hat are safe levels o f exposure
-  Do know risk factors associated w ith MSDs
Well-designed workplace interventions 
prevent MSDs and early medical care 
reduces severity.
THE EARLIER ACTION IS TAKEN,
THE GREATER LIKELIHOOD OF SUCCESS!
A “one size fits all mentality” does not apply to 
ergonomics. There is a lot we do not know about 
MSDs, such as:
• How they occur
• Why some people are more likely to get an 
MSD compared to others
• What are safe levels of exposures to risk 
factors associated with MSDs
However, we do know the risk factors that result in 
MSDs, and we know that well-designed work tasks 
and interventions prevent MSDs.
If an MSD does occur, we also know that early 
medical care reduces the severity of the MSD.
Targeting Risk Factors 
Reacti ve
We want to change our way of thinking about 
injuries. We want to stop being reactive and start 
being proactive. To do this, we must understand 
injuries, the signals that tell us when one might 
occur, and how to prevent them from happening.
We want to avoid waiting for injuries to occur before 
we take action.
We want to be able to identify the risk factors for job 
tasks and equipment used and then take correction 
action before an MSD or even discomfort occurs.
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Risk Factor Examples
E x a m p le s  o f  F o rc e fu l W o rk
• Heavy lifting
• Carrying heavy ob jects
• Forceful pushing or 
pulling
• Forceful gripping
• Shoveling dam p or 
heavy m ateria ls
Examples of Repetitive Work
• Machine paced 
assembly tasks
• Packing or unpacking
• Computer 
keyboarding
E x a m p le s  o f P o o r P o s tu re
• Elbows above shoulders
• Extended forward reaches
• Trunk bent over more 
than 20 degrees
• Twisting the trunk
• Extreme wrist 
bending
• Pinch grips
• Kneeling or 
squatting
E x a m p le s  o f  V ib ra tio n  E x p o s u re
• Hand-Arm :
Using vibrating tools.
• W hole Body:
Sitting or standing on 
vibrating surfaces. 
(Includes jolting & 
jarring)
These are examples of common risk factors and some 
tasks during which the risk factor exposures occur. 
The four main risk factors are: forceful work, poor 
posture, repetitive work, and vibration.
Why Target Risk Factors?
The cum ula tive  nature  o f m uscu loske le ta l d isorders: 
. . .an exponentia l re lationship.
The relationship between risk factor exposure and the 
resulting MSD is exponential. The risk factor 
exposure usually occurs over a long period of time 
before an MSD occurs. When the MSD occurs, we 
often discover the worker had been doing a task that 
he or she had done many times before without getting 
injured. It is perplexing as to why the MSD 
happened. However, because the effect on the worker 
is gradual, he or she may not recognize that a 
problem is occurring. When the MSD does occur, it 
only takes a minimum increase in exposure to result 





A system atic  m ethod to 
im prove the fit betw een the 
w orker and the w orkp lace  to 
im prove safety, productiv ity  
and w orkfo rce  satisfaction.
Can be a stand a lone process 
or it can be in tegra ted w ith 
existing sa fe ty and health 
program s
W orks best as a partic ipatory 
process -  m anagem ent and 
em ployees
An ergonomics process is a systematic method to 
improve the fit between workers and their workplace 
(including work stations, equipment, tools, and 
environment) to improve safety, productivity, and 
workplace satisfaction. An ergonomics process can 
be a stand-alone process or it can be integrated with 
existing programs, such as safety and health. It can 
be viewed as a third prong of a comprehensive safety 
and health program: safety, industrial hygiene, and 
ergonomics. Ergonomics processes usually work best 
when employees participate fully and when there is a 
champion to keep the process moving forward.
A champion is usually needed until the process 
becomes embedded in the organization and culture.
PROACTIVE APPROACH TO PREVENTION
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Injury/Illness Prevention Process This is an example of a simple process. Form a 
team, train the team members, conduct a worksite 
analysis to identify risk factor exposures, implement 
controls to reduce or eliminate exposures, provide 
medical management for workers with injuries, and 
finally, review or conduct a self-assessment of the 
process and provide retraining if needed.
Successful Program Examples
• GAO Report -  Ergonomics programs:
-  Reduced com pensation  costs 3 5 % -9 1 %  in five 
d iverse com panies
-  Increased safe ty and health
-  Increased e ffic iency of operations
-  Increased profitab ility
-  Increased quality o f life
• American Electric Power (AEP)
• CONSOL
• Jim Bridger Mine, Bridger Coal Co.
We have good reason to suggest the application of 
ergonomic principles as a viable solution to MSDs. 
The effectiveness of ergonomics can be found in a 
GAO report published in 1997, along with some 
examples from mining companies.




Navistar International Transportation 
Corp. (4,000)
Sisters of Charity Health System (780)
Texas Instruments (2,800)
The first examples of successful processes were 
published by the GAO in 1997. They reported on 
ergonomics processes implemented in five different 




P ercentage R eduction  in W o rkers ' C om pensation  C osts  
fo r M S D s
\ 62  61
E|f|
This bar graph shows the percentage reduction in 
workers’ compensation costs for MSDs at each of 
the five companies included in the GAO report. The 
range was a 36-91% reduction in compensation 
costs over a 2 to 5-year time period.
A m erican  E x p r e s s  AM P (1993/96) N a v is ta r  (1993/96) S is t e r s  o f  C h a rity  T e x a s  In s tru m e n ts  
F in a n c ia l A d v is o rs  H ea lth  S y s te m  (1991/96)
(1992/96) (1994/96)
GAO Results
A verag e  Dollar C ost per M SD W o rkers ' C om penstion  
Claims
6601
H —TkH h  h I h I I
A m e ric a n  AM P (1993/96) N a v is ta r  (1993/96) S i s t e r s  o f  C h a r ity  T e x a s
E x p r e s s  F in a n c ia l H ea lth  S y s te m  In s tru m e n ts
A d v is o rs  (1994/96) (1991/96)
(1992/96) F acility
Each company, except one, experienced a decline in 
the average dollar cost per MSD. The one company 
that did not show a decline also had the youngest 
process (only 2 years). It is likely this would change 
as its process became more mature.
GAO Summary
36% to 91% reduction in worker's comp 
costs, overall reduction in lost workdays
Core elements: management commitment, 
employee participation, ID of problem jobs, 
analysis and improvements, training and 
education, and medical management.
Inexpensive, "low tech" improvements are 
effective
Incident-based vs. risk factor-based
In summary, the companies included in the GAO 
report:
• Experienced a 36-91% decrease in 
workers’ compensation costs
• Followed the core elements mentioned 
earlier
• Showed that inexpensive improvements 
were effective in reducing exposures
However, all of the processes were incident-based 








The second example of an ergonomics process is 




To reduce MSD prob lem s at coal m in ing operations w ith 
in itial em phasis on back in juries
• 1989 - se t s tandards and objectives to  establish 
e rgonom ic com m ittees at its s ix  m in ing operations
• Provided charter fo r structure  and function  of com m ittees
• Established m ethod for fo llow up o f com m ittee activities, 
ensuring a proper com m unica tion  feedback loop
• Provided corporate  support fo r all technica l and financia l 
needs and tra in ing  for com m ittee m em bers
The initial goal of AEP’s process was to reduce 
MSDs of the back. To accomplish this goal, AEP 
established Ergonomics Committees, supported by a 
defined structure, specific functions, an effective 





Ergonom ics Subcom m ittee 
Activities
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AEP - Committee Members
• Management
-  M ine superin tendent/C hairm an
-  General m ine supervisor
-  M aintenance supervisor
-  Production supervisors
-  Shift supervisors
-  Safety manager
• Technical
-  Belt coordinators
-  Supply coordinators
• Labor
-  UMW A safety com m ittee chairm an
-  Two hourly em ployees (rotating)
The membership of the Ergonomics Committee 
included management, labor, and technical 
positions.
AEP - Committee Activities
Do front-end needs analyses
Develop problem statement & solutions
Develop plans, standards, & proposals
Monitor implementation
Provide counsel & feedback
Provide regular reports to corporate 
management
This is the process used by AEP’s Ergonomics 
Committees. They studied the issue, developed and 
implemented solutions, monitored effectiveness, 
and then provided feedback. The committees also 
reported regularly to corporate management.
A EP Subcom m ittee A ctiv ities
• Conduct worker surveys
• Audit work activities
• Conduct observations of work activities
• Develop improvement projects
• Submit improvement projects to senior 
committee for approval
Subcommittees were formed to focus on a target 
work area. The subcommittees were chaired by the 
department head and consisted of a number of 
workers from the target area. They met at least once 
a month and worked with their Ergonomics 
Committee to set goals and objectives.
13
Program Assessment (1991)
Most members were satisfied with 
involvement on committees, although some 
believed they should be devoting more time.
Most members thought it improved their 
ability to do their jobs.
Many were dissatisfied with the amount of 
time it took for suggestions to get 
implemented.
An assessment of the process in 1991 indicated that 
most members were satisfied with being involved 
with the process and thought it improved their 
ability to do their jobs. Many of the members 
thought it took too long to implement changes.
AEP Successes - Ergonomic Applications
• Implementation of standard hoist 
mechanisms eliminated handling of heavy 
materials
• Reducing object weights (either bagged or 
stopping materials) reduced back strain 
injuries -  work with suppliers
• Proper storage of wood products (reducing 
exposure to water) prevented additional 
weight to be handled
Some of the job improvements implemented 
included:
• Using standard hoist mechanisms to lift 
heavy materials
• Reducing weight of supplies (bagged or 
stopping materials)
• Properly storing wood products to eliminate 
exposure to water, which increased the 
weight of the wood
AEP Successes Specialized Mining 
Equipment
In-house tools designed for specific mining 
applications, such as a tool used to remove or 
install conveyor belt rollers
Zipmobile -  a materials-handling cart that moves 
supplies along the longwall face
Belt car allows miners to splice 500 feet of belt 
without manual handling
Shuttle cars have air-ride suspension to reduce 
whole-body vibration
Ergobus moves tools and equipment for 
maintenance and outby tasks
Other interventions implemented by AEP included 
various specialized mining equipment, such as:
• Tool to remove or install conveyor belt 
rollers
• Zipmobile to move supplies along the 
longwall face
• Belt car that eliminated manual handling
• Shuttle cars with air-ride suspension to 
reduce whole-body vibration
• Ergobus to transport maintenance tools and 
equipment
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AEP Successes - Back Injuries
AEP Recommendations
• Diverse committee members (no more than 12)
• Team players
• Select committed, open-minded leader with skills 
to run effective meetings
• Training on group problem-solving
• Organize campaign to describe purpose of team
• Committee must be backed by entire organization
Comment from AEP
Tim  M artin, S afe ty and H ealth M anager 
1997 Ergonom ics Conference, C hicago, IL
"What exactly  have we accom plished  with 
our ergonom ics program s?
We definitely have reduced  our accidents, 
reduced  our com pensation  c o s ts  drastically, 
increased  productivity, reduced  dow n time, 
increased  a lot o f em ployee involvem ent, and  
our relations with our em ployees have really 
grow n quite drastically. . .We feel that without 
ergonom ics program s, we cou ldn 't have  
accom plished  th is."
As a result of its efforts, AEP saw a significant 
reduction in lost-time back injuries. In 1988, the 
number of back injuries was 78. By 1996, the 
number of back injuries had dropped to 8 (a 90% 
decrease).
From their experience, AEP made these 
recommendations regarding implementation of an 
ergonomics process. They emphasize the need to 
select the right individuals for the committee, to 
train the committee members, and then to ensure 
support from the entire organization.
Tim Martin, the safety and health manager for AEP, 
had this to say about their ergonomics program:
'What exactly have we accomplished with our 
ergonomics programs? We definitely have reduced 
our accidents, reduced our compensation costs 
drastically, increased productivity, reduced down 
time, increased a lot of employee involvement, and 
our relations with our employees have really grown 
quite drastically. . .We feel that without ergonomics 
programs, we couldn’t have accomplished this.”
(Source: NIOSH [1997a].)
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The Bridger Coal Story...
W estern  surface m ine
Skeptical but proactive
Safest and  
health iest w orkfo rce
E fficien tly  developed
H ighly e ffective
i '• In tegrated  in to  j *
H&S program  ‘ :
_____
The last example of implementing an ergonomics 
process is about the Bridger Coal Company. Bridger 
operates the Jim Bridger Mine, a surface coal mine 
in southwestern Wyoming. Bridger wanted to 
improve its safety and health program by integrating 
an ergonomics process with its existing safety and 
health program. Bridger attributed improvements in 
its health and safety culture to the ergonomics 
process. Although Bridger was skeptical in the 
beginning, the company thought proactively and 
wanted a more formal program.
Kean Johnson, Ergonomics Process Coordinator, 
stated:
“Ergonomics has played an important role in 
helping Bridger Coal reach our goal of providing the 
safest and healthiest working environment possible 
for our employees. Our management and hourly 
employees alike understand the value of what has 
been developed. In the beginning, when the idea of 
establishing such a program surfaced, we were all 
skeptical of just how things would work. However, 
thanks to the combined efforts of NIOSH, 
PacifiCorp, and those at Bridger Coal Company 
involved in the creation process, we found that an 
ergonomics program could not only be efficiently 
developed, but that it could be highly effective as 
well. The Ergonomics Program is currently an 
integral part of our company, and we are confident 
that it will continue to improve and enhance the safe 
working experience at our mine.”
(For more information about the ergonomics process 
implemented by the Bridger Coal Co., see: Torma- 




Bridger established a multidisciplinary team to 
ensure they addressed all aspects of the company. 
They realized that each department would be 
affected by this endeavor.
Ergonomics Awareness Training
Take Action!
n as you are aware of risk factors:
Early action may prevent 
loss of function and serious 
injury!
Cumulative Injury Risk Factors
Four Main Risk Factors
1. Forceful Work: A lot of physical effort
2. Poor Posture: Poor positioning of the body
3. Repetitive Work: Doing the same movements 
many times
4. Vibration Exposure: Two types -  hand-arm & 
whole body
All employees received ergonomics and risk factor 
awareness training. Examples of risk factor 
exposures specific to their mine were used so that 
employees would not only relate to the examples, 
but would begin the solution process. This training 
focused on:
• Defining ergonomics and its benefits for 
employees
• Describing how MSDs develop
• Identifying risk factor exposures
• Reporting exposures
Reporting Concerns Employees learned about a simple way to record 
their concerns. They practiced during the training 
and then filled out Risk Factor Report Cards about 
their exposures when they went back to their jobs.










One of the most important aspects of the process was 
communications and recognition. As employees 
turned in Risk Factor Report Cards and the concerns 
were prioritized by the Ergonomics Committee, 
Bridger posted information telling employees the 
status of their concerns. The stickers and posters 
reminded them of what they had learned and that the 
program was not a fly-by-night effort. Bridger’s 
efforts were acknowledged in newsletters that were 
published and distributed throughout the company.
Interventions
55 concerns reported
-  22 completed interventions
-  5 being addressed
-  9 on hold pending receipt of additional info
-  19 addressed as S&H concerns 
Types of interventions
-  New equipment
-  Workstations rearranged or adjusted
-  Retrofits
Within just over a year, 55 concern cards were 
submitted. A few of them were collaborative efforts 
between the Ergonomics and Safety Committees. 
More than 22 successful (accepted and used) 
interventions were implemented.
The interventions were mostly engineering controls, 
and many included the purchase of new equipment. 
The equipment was purchased with improved know­
ledge of ergonomic principles, resulting in specific­
ations that better met the needs of the end users. 
Bridger also redesigned or reorganized work stations, 
and they retrofitted specific controls for existing 
equipment. Very few of the interventions exceeded 
$1,000.
Bridger Intervention Successes Here are a few of their inexpensive changes:
Chock blocks: Handle added that eliminated 
bending the back when placing or removing the 
chocks.
Welding helmets: Lighter-weight welding helmet 
eliminated neck discomfort.
Loader pedal: Angle of pedal was reduced, which 
eliminated foot and leg discomfort.
Water pump switch location: Switch was brought 





Hand rails not properly located
Another intervention involved moving handrails.
The handrails were located too far from the ladder, 
and workers did not use them. If the workers 
attempted to use the handrails, their body would 
lean backward and they would have to forcefully 
hold onto the handrails to prevent from falling. After 
the handrails were moved closer to the ladder, the 
workers could easily and safely use the handrails.
Hand rails m oved closer to ladder
Bridger Intervention Successes
Moving Dragline Cable
Moving dragline cable was one of the most 
physically demanding jobs performed. A J-hook bar 
is now used to drag the cable along the ground near 
the dragline. This eliminated the need to manually 
lift the cable. Away from the dragline, no physical 
effort is needed as the job now uses a cable-handling 
device attached to a front-end loader.
Bridger Intervention Successes
Dragline Armrests
Dragline operators were complaining of upper- 
extremity discomfort and pain. It was determined 
that the support and function of the manufacturer- 
installed armrests were inadequate and 
nonadjustable. The new armrests were adjustable 




Bridger employees are doing it on their own. They 
developed a new way to support the 1%-inch 
pneumatic wrench without any forceful exertions.
Forceful exertions while 
controlling load, high 
vibration, static work posture
A fter ]












To be proactive means integrating and applying 
ergonomic principles with many other processes to 
prevent exposures to risk factors. A better-educated 






Lessons learned from the Bridger process included:
• Committee participants need to be interested 
and committed to the process, and they must 
be given resources.
• Each organization must decide the best way 
to implement its process. The “one size fits 
all” approach does not work in this case.
• Supervisors need to receive training 
regarding their role in the process.
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Characteristics for Success
• Commitment - Strong in-house direction & support
• Training - Staff expertise in team building & 
ergonomics
• Team Composition - Diverse but manageable size
• Input -  Employee input to help define team 
objectives
• Communication - Everyone kept informed of 
objectives, progress, & accomplishments
What Successful Programs 
Can Provide
• Avoidance of illness and injury risks
• Lower worker compensation costs
• Higher productivity
• Increased workforce job satisfaction
• More employee involvement in lower- 
level decision-making
Final Comments -  
Ergonomics Processes
"Saturate the organizations with
knowledge...Give the process 
time to work...Keep in mind that 
it's a cultural change, a change in 
the way you think and not just 
another program." ̂  a, . , Ergonomist, 3M
Simply put, successful ergonomic processes have 
several common characteristics: strong 
commitment, training, diverse team members, 
employee input, and communication.
As demonstrated by the examples discussed during 
this presentation, several benefits shown here can be 
derived from an ergonomics process.
Tom Albin of 3M made this comment about 
implementing an ergonomics process:
“Saturate the organizations with knowledge. . .Give 
the process time to work. . .Keep in mind that it’s a 
cultural change, a change in the way you think and 
not just another program.”
(Source: NIOSH [1997b].)
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Short- and Long-term Goals (Add your short- and long-term goals on this slide.)
(Examples:)
OUR SHORT-TERM GOAL Form an ergonomics team and provide team
(Add your short-term goal.) members with adequate training and resources.
Lower risk factor exposures associated with:
(add specific job task).
OUR LONG-TERM GOAL
(Add your long-term goal.)
Next S teps ... (Add your own next steps according to your plan.)
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Ergonomics and Risk Factor Awareness Training for Miners
Research has shown that ergonomics is most successful when it is approached as 
a participatory process—management and employees working together to modify job 
tasks, including equipment, tools, environment, and methods. The first step toward 
achieving a participatory process is to give employees knowledge of ergonomics and how 
it can be used to align their jobs to their abilities.
The Ergonomics and Risk Factor Awareness Training is designed to encourage 
employees to report risk factor exposures and body discomfort. It also encourages 
employees, when possible, to make changes to their jobs to reduce their exposures to risk 
factors.
Objectives
The overall objective of Ergonomics and Risk Factor Awareness Training is to 
help reduce injuries and illnesses resulting from exposures to risk factors. Specifically, 
this training will increase awareness of risk factors and encourage miners to take action to 
report and reduce their exposures to risk factors.
Content
This training is designed specifically for the mining industry. Because mining is a 
diversified industry, examples representing both surface and underground mining 
processes for several different commodities and support services are incorporated into the 
training. This training package includes two components:
• Ergonomics and Risk Factor Awareness Training for Instructors -  Designed 
to give instructors sufficient information about ergonomics and risk factors to 
adequately present similar training to employees. It includes information that 
should allow the instructor to respond to questions regarding material included in 
training given to other employees. Anyone who has not had any training in 
ergonomics should take this training. It would also be helpful for individuals who
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have had training, but their training either did not apply specifically to mining or 
did not emphasize the reporting of risk factor exposures.
• Guide to Conducting Ergonomics and Risk Factor Awareness Training -
This guide will assist the instructor in conducting the Ergonomics and Risk Factor 
Awareness Training. It includes slides, along with discussion notes, descriptions 
of demonstrations, equipment needed for demonstrations, and suggested 
references. Handout materials and training evaluation forms are also included in 
this guide.
Training Topics
Four modules covering topics relevant to gaining a basic understanding of 
ergonomics, as well as how it applies to mining jobs, are included in this training. A fifth 
module consists of interactive exercises that require trainees to apply what they learned in 
the previous modules.
• Introduction to Ergonomics -  Defines ergonomics and provides two examples 
of using ergonomics to solve a problem. There is also a discussion on the benefits 
of using ergonomics to improve jobs.
• Musculoskeletal Disorders -  Defines cumulative trauma disorders or work- 
related MSDs and describes how a worker may progress from experiencing 
discomfort to developing a permanent, debilitating injury. The discussion includes 
three examples of this type of disorder.
• Risk Factors and Root Causes -  Presents descriptions and examples of 
ergonomic risk factors and their root causes. The four main risk factors receive 
special emphasis: forceful exertions, awkward postures, repetition, and vibration.
• Prevention -  Includes information about ways to control risk factors using 
engineering controls, administrative controls, work practices, and PPE.
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• Exercises -  Give trainees an opportunity to apply the knowledge gained in the 
previous sections. The participants review a video and then identify risk factors, 
potential body parts affected, root causes, and potential methods for controlling 
the risk factors.
File Formats
This training is offered in two formats: electronic files and printed copies. The 
electronic files include:
• Ergonomics and Risk Factor Awareness Training for Instructors (Web and Adobe 
PDF formats)
• Materials needed for conducting Ergonomics and Risk Factor Awareness Training
o  Slide presentations (Microsoft PowerPoint and Adobe PDF formats) 
o  Documents that may need to be copied such as handouts and evaluation 
forms (Microsoft Word, RTF, and Adobe PDF formats) 
o  Discussion notes (Microsoft Word, RTF, and Adobe PDF formats)
The Ergonomics and Risk Factor Awareness Training for Miners (DHHS (NIOSH) 





or by downloading it from the NIOSH Mining Web site (www.cdc.gov/niosh/mining) .
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Ergonomics Observations: 
Training for Behavior-based Safety Observers
When a behavior-based safety (BBS) system is part of an overall safety and health 
program, it may be helpful to also use this system to implement certain aspects of an 
ergonomics process, such as identifying and controlling some exposures to risk factors 
(those requiring simple changes, such as rearranging a work station or using a powered 
versus nonpowered handtool). If BBS observers are part of the ergonomics process, it 
will be necessary to define their role and to provide training appropriate for their role. For 
ergonomics observations, the observers will require training on identifying risk factor 
exposures. If the observers are expected to resolve some of the risk factor exposures, then 
they would require information on how to modify tasks, equipment, tools, work stations, 
environments, and methods using a hierarchical approach to controlling exposures 
(engineering controls, administrative controls, and PPE), with engineering controls being 
the preferred control measure [Chengalur et al. 2004]. The skill of resolving exposures 
may be assigned to just a few observers or other personnel responsible for implementing 
the ergonomics process. In this situation, resolving exposures may be done as a followup 
to an observation.
Objectives
The objective of ergonomics training for BBS observers is to improve their skills 
at identifying risk factor exposures, and then to give them sufficient information to 
resolve exposures if they are responsible for this as well. Because exposures are most 
often a result of poor design rather than methods or work practices (unsafe behaviors), 
the observers must be given basic knowledge on the design of tools, equipment, and 
work stations.
Content
The content of this training will depend on the role of the observers in the 
ergonomics process and on their role in the overall safety and health program as well.
It should follow the observation process used by the observers to conduct safety 
observations. Because this training needs to be specific to the mine implementing the
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ergonomics process, the content should be based on tasks performed at this mine that 
would normally be observed by the BBS observers and should depict exposures as either 
individual or multiple risk factor exposures. A suggested outline for this training would 
include:
• Ergonomics and Risk Factor Awareness Training for Miners
• Review of risk factor exposures common to your site -  In most cases, 
emphasis would be on forceful exertions, awkward postures, repetition, and 
vibration.
• Identification of risk factor exposures -  This content should include several 
examples of workers performing a variety of tasks commonly occurring at 
your site. Include enough examples so the observers are comfortable with 
identifying exposures.
• Documentation of risk factor exposures -  Observers should be given practice 
at documenting the exposures. If your site does not use a form that includes 
detailed information about the risk factors, then you may want to consider the 
Ergonomics Observations Form described in Section IV.
If the observers are also responsible for correcting the risk factor exposures, then 
the content should include basic design principles. Suggested training topics could 
include:
• Anthropometry
• Work station design
• Manual materials handling




This training needs to be interactive and simulate the actual observation process. 
If this training is done in a classroom, short videos of tasks can be used to practice 
identifying risk factor exposures. Role-playing exercises can also be conducted, with one 
trainee assuming the role of the employee shown in the video while other trainees serve 
as observers. If field exercises are possible, then trainees can conduct and document 
observations while employees actually perform tasks. Both the role playing and field 
exercises should use the actual observation process and documentation method followed 
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Ergonomics is a science serving to bridge production and safety. Its focus is straight­
forward—designing for a better fit between workers and the methods, tools, equipment, 
and work stations used by workers. A better fit results in safer and healthier jobs. If you 
are ready to move ahead and address ergonomic issues at your mine, it is important to first 
consider how you will do this to have an effective process. Some critical elements necessary 
for successful implementation and integration are provided here as a guide for getting 
started. Remember, it is important to plan for success.
A CHAMPION FOR ERGONOMICS
The role of a “champion” is to promote and serve as an advocate and leader in applying ergo­
nomic principles for process improvement. Implementing a new process requires leadership.
A champion serves in that capacity and works to demonstrate the value of process improvement. 
It involves a great deal of time, particularly at the beginning during periods of planning and 
implementation. The organization should support the champion by investing time to this effort. 
It will significantly increase the odds of successful implementation.
TRAINING
Training is an essential element of an ergonomics process as it results in risk factor identification 
and problem-solving skills. Management’s active support and involvement in the training 
demonstrates their commitment and support for the process. Management training should show 
how ergonomics can be applied to reduce musculoskeletal disorder (MSD) risks while fostering 
a safer and healthier workplace. It also serves to demonstrate the value of the ergonomics process 
from a financial perspective. Successful examples from other companies can be used to demon­
strate this point.
Just as with other types of safety hazards, employees should 
be skilled in recognizing significant risk factors and then be 
encouraged to report them. A simple card, as shown to the left, 
can be used by employees to identify and report exposures to 
MSD risk factors. Existing reporting forms can also be modi­
fied to include risk factors. Employees should be taught steps 
they can take individually to reduce their exposures, such as 
adjusting their work station to eliminate awkward postures. 
Training employees to report risk factor exposures is just the 
beginning.
IDENTIFYING /  EVALUATING/CONTROLLING RISK FACTORS
To reduce exposures to risk factors, a procedure should be developed that ensures:
• Identification of risk factors
• Evaluation of risk factors in terms of root cause and level of exposure
• Development of solutions that reduce or eliminate risk factors
Once a risk factor exposure is identified, an ergonomics coordinator or team should then evaluate 
the risk factor exposure and determine the appropriate action for addressing the exposure. 
Remember, there can be many reasons for the exposure; consider the method, tools, equipment, 
work station, and environment. A procedure, as shown below, should be followed to ensure 
adequate evaluation and to determine an effective solution. Involving employees in the develop­
ment of a solution will usually enhance the acceptance of 
the solution by the employees.
TRACKING PROGRESS
Quantifying the effectiveness of your ergonomics process 
depends strongly on the organization and the goal of the 
ergonomics process. It is common to see benefits measured 
in the number of work days lost, number of injuries/ 
illnesses, number of near-misses, or changes in workers’ 
compensation costs. But for some organizations, particu­
larly small companies with limited injuries and illnesses, 
these measures may not be suitable. In such instances, use 
of survey tools, such as the Musculoskeletal Discomfort 
Survey form, may be more useful. Another constructive 
approach may be to quantify exposure levels of risk factors 
before and after implementing an intervention. For exam­
ple, the distance an item is carried during a work shift may 
be measured before and after an intervention has been 
applied. Other examples include posture improvements, 
reducing the number of lifts completed, and reducing the 
number of repetitions performed. If you follow a behavior- 
based safety model, then risk factor exposures may be 
tracked with this system. As interventions are imple­
mented, fewer exposures to risk factors should be seen.
INTEGRATING ERGONOMICS
An ergonomics process can be implemented as a stand-alone activity or as an add-on to an exist­
ing process, such as a company’s safety and health program. Regardless of the approach, it is 
important to fully maximize the effectiveness of the ergonomics process by integrating it with 
other processes that affect worker safety and health and the workplace. Examples of processes 
that could benefit from ergonomic input include:
• Purchasing new equipment and tools
• Purchasing personal protective equipment
• Designing new or modifying existing facilities, production lines, or work stations
• Determining work shifts and schedules
• Modifying work practices or procedures
Applying ergonomics to these processes at the planning stage will not only prevent the intro­
duction of risk factors into the workplace, it will avoid costly reengineering efforts to correct
situations. Incorporating ergonomics into the planning stage moves an ergonomics process from 
a reactive to a truly proactive mode.
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